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1.1 Increase in Mobile Phone Subscribers
With the fast development of mobile phones, of both hardware and software, these devices are outpacing desktop computers and become one of the primary ways for accessing information on Internet. As these devices are convenient to carry all the time, and with the improved mobile internet, such as 3G and 4G technologies which have low costs, using mobile phones to do information searching has become a essential part of people's everyday life (Church, et al., 2008; Kamvar, et al., 2009). There are a large number of reports which indicate that mobile phone subscribers are growing at a remarkable rate. According to the research from Cellular News, the total number of mobile phone subscribers reached 2.5 billion in 2006, 3.5 billion in 2007 and 4 billion at the end of 2008 worldwide (Church & Smyth, 2009). Recent research from ITU (International Telecommunication Union, 2013) shows that at the end of 2012, there were 6.8 billion mobile phone subscriptions worldwide, a dramatically increase from 6 billion in 2011 and 5.4 billion in 2010. 

1.2 Increase in Mobile Phone Internet Usage
As the surge of mobile phone users, mobile phone Internet usage is also increasing significantly. Based on the research from Mobile Data Association (2008), in April 2008 more than 17.4 million mobile users accessed the Internet, indicating a big increase compared with figures from previous year of less than 16 million (Church and Smyth, 2009). According to recent research from ITU (2012), active mobile broadband subscriptions have reached 2.1 billion worldwide, which was 40% increase annually for the past three years. 3G smartphones dominate the volume of users who are searching the Internet, and the reduction of cost for mobile data plans, which have been reduced from 0.46 USD/MB in 2008 to 0.03 USD/MB in 2012, also encouraged the popularity of the mobile internet.

1.3 Emerging Markets Drive the Growth
Compared with developed countries, mobile phone users and mobile phone Internet usage has surged faster in emerging markets, such as Brazil, China, India, and Russia. Research from ITU (2013) shows that mobile phone market growth is being driven by emerging markets, which based on rapid mobile adoption in China and India, and over half of the world's subscribers are in Asia Pacific. According to Informa WCIS (2012), USA, China, Japan, India and Brazil are among the top countries for 3G mobile broadband subscriptions. Reports from CNNIC (China Internet Network Information Centre, 2013) shows that China had 420 million mobile broadband users by the end of 2012 which is 18% more than 2011, and large number of these users prefer to access the Internet through mobile phone rather than desktop PC.

1.4 Background and Motivation
The growth in mobile subscribers and mobile phone internet usage shows that mobile phones are essential devices for information access. So a question has been asked, how do users access information through mobile phones? Church & Smyth (2009) summarised that the operator-owned portals (a platform enables operators to provide service and content which allow mobile phone subscribers to browse the content and use services) dominated the information access for mobile phone users, and most of the popular websites were accessed via portals (Church & Smyth, 2009). However, according to the research from MMA (Mobile Marketing Association, 2012), it showed that off-portal content has increased dramatically since unveil of iPhone and Android phones. For example, in UK and Germany, 70% of total content revenues were contributed by off-portal content revenues (MMA, 2012). According to the surge of off-portal content, mobile phone search has become an important way to address users' information needs (Hinze et al., 2010). Kamvar (2009) pointed out that retrieve information through mobile devices has increased for many years and will last continuously (Kamvar et al., 2009). 

However, mobile phone search is quite different from traditional Web search, due to issues such as the physical limitations of the mobile phones, and also different user’s information needs (Church et al., 2008; Church & Smyth, 2009). Indeed all market leading search engines have launched the mobile versions of their Web services, however, a lot of them have just simply adapted their Web interfaces for the display of mobile phones. Sohn et al. (2008) has indicated the disadvantages of this adapting approach: high failure rate in a timely manner; vague queries problem still dominate mobile search and less users want to search long-result lists on their mobile phones (Sohn et al., 2008).

Unlike traditional search engines, researchers (Chen & Kotz, 2000; Cool & Spink, 2002; Church et al., 2006) believe that the core benefit for mobile search is that it can provide more advanced personalization and more effective search services for accessing the most relevant information. To achieve this, it is essential for service providers to understand the unique needs of different mobile phone users, the motivation and search activities, the contextual factors which could influence the search, and also the relationships between these factors. For current smartphones, GPS and 3G network have become standard services to be integrated into these devices, which allows mobile phones to integrate online Location Based Services, such as Google maps to help users search for information based on their location. Moreover, it may be easy to identify some relevant contextual factors while users are searching by smartphones, such as time, location, situation etc. and the efficiency of the mobile search could be increased by applying these features. For example, Google’s local search and Yahoo’s oneSearch both provide users with access to location based search, make sure that the user’s current location is integrated into the search. It has shown that these improvements could help users to find more relevant information (Google Mobile, 2009; Yahoo! oneSearch, 2009). Based on these features of mobile phones, it is essential to understand mobile phone search in more depth, and the relationships between motivation, search activities and key contextual factors need to be analysed in order to provide a basis of predication for mobile phone search for real user case. This predication basis can also benefit the future studies in mobile search domain.
1.5 Overview and Aim

Figure 1. 1 Overview of the Study

Mobile information needs are becoming more diversified because of the significantly increased number of smartphone users from different backgrounds and the various types of smartphones they are using. To understand mobile phone search in more detail, an online survey has been conducted to give us an initial view of mobile phone search behaviours. Figure 1. 1 shows an overview of this research. The aim of this study is to understand how mobile phones search for information, to investigate the links between a user's motivation and the user's search activity, to investigate contextual factors that could influence mobile phone search, and to explore the relationships between users' motivation, search activity, and other key contextual factors, such as location, social context, and work tasks. The primary objectives of this study include 1) providing better understanding of users’ search behaviour in the mobile phone search domain; 2) obtaining a better understanding of key contextual factors that could influence mobile phone search; and 3) showing links between users’ motivation, search activity, and other key contextual factors. 

1.6 Research Questions 
In this study, we aim to understand how mobile phones are used to search for information, and this topic was further divided into the following three groups of questions:
 
	How do users search on a mobile phone? 
o	 What is the motivation for the search? 
o	 What topics are searched for? 
o	 What search activities are performed during searching? 

	What are the key contextual factors that influence mobile phone search?
o	 How does location influence mobile phone search?
o	 How does social context influence mobile phone search?
o	 How does work task influence mobile phone search?

	What is the relationship between work task, motivation, search activity, and other key contextual factors?

1.7 Outline
The structure of this study uses a traditional research procedure. It begins with a literature review, followed by a method chapter reviewing research activities. Next, results chapter describes three main research activities and the results are discussed in discussion chapter. The conclusion and future work chapters make up the remainder of the paper. Figure 1. 2 shows the overview of the structure of this study, and a more detailed overview of each chapter is provided below.

Chapter 2 reviews related work from previous researches: related back to research questions, mobile search topics (what users search for), motivation (why users search), and search activity (how users search) have been reviewed, and also key contextual factors which relevant to mobile search have been reviewed.  

Chapter 3 describes the methodology implemented in online survey, detailed the research method, data collection, participants and research ethic issues.

Chapter 4 illustrates the results of online survey. Participants' location, social context, search topics, search activity, motivation and work tasks have been analysed, the relationship between these factors have been analysed in detail. 

Chapter 5 discusses the main findings related to research questions.


Figure 1. 2 Thesis Structure

Chapter 6 presents the conclusion of study regarding the research questions, and also the limitations for this study.





This study aims to explore the nature of mobile phone search, to investigate the contextual factors that are relevant to mobile phone search, and to investigate the relationships between these factors. The review of literature in this chapter mainly deals with two key themes: understanding mobile information needs, which could help us to understand the mobile phone search procedure, and key contextual factors of mobile search that could help us to understand contextual factors that are relevant to mobile phone search. 

The literature review contains seven sections that will explore concepts from a variety of different theoretical perspectives and highlight the research gap based on previous studies. It first looks at literature that can help to understand mobile information needs in order to explore the nature of mobile search, such as mobile search topics (Section 2.2.1), motivation (Section 2.2.2), and search activity (Section 2.2.3). It goes on to examine contextual factors that are relevant to mobile search, including location (Section 2.3.1 ) , time (Section 2.3.2), work task (Section 2.3.3 ), and social context (Section 2.3.4). Finally, section 2.4 discusses the novel aspects of the study. 

2.2 Understanding Mobile Information Needs
Information is ambiguous, as it has various meanings, and these different meanings of ‘information’ have been discussed in the literature (Braman, 1989; Schrader, 1984). Buckland (1991) distinguished information into three types: ‘information-as-process’, ‘information-as-knowledge’, and ‘information-as-thing’. He suggested that information could be anything that has the potential to change a person's knowledge and stated that ‘information-as-thing’ is the only type of information that involves information systems directly. Marchionini (1995) stated that human existence can be defined as the notion of search, and a search for information is called information seeking. He defined information seeking as ‘a process in which humans purposefully engage to change their state of knowledge’. He stated that the information seeker, tasks, search systems, domain setting, and search results are all important factors related to information-seeking activities, and the information seeker plays the central role. He also pointed out that search activities are conducted by information seekers because they have information needs or need to solve a problem. Wilson (2000) defined information seeking behaviour as ‘the purposive seeking for information as a consequence of a need to satisfy some goal’. When seeking, the user could use manual information systems or computer-based information systems. He also stated that an ‘information need’ is not always fundamental need, such as the need for a plumber, but usually refers to a secondary need that arises to satisfy fundamental needs. Understanding users' information needs can lead to a better understanding of what users search for (topics) and how they search for it (search activity). Despite the long history of research on information seeking, recent studies have emerged from the mobile space and indicated that mobile information searching is different from traditional Web searching because of, for example, different devices and different information needs (Church & Smyth, 2009; Heimonen, 2009; Sohn et al., 2008). For example, Church and Smyth (2009) found that more geographical needs were triggered while users were mobile. To improve services for mobile phone users, understanding mobile phone users' information needs is a fundamental task (Chua et al., 2011).

Church and Smyth (2009) stated that two approaches have been used to understand information needs. The first one studies what users search for (topics) and how they search for information (search activity), and the second one studies why users search for information (motivation). In the following sections, previous papers on mobile search topics (what users search for), search activity (how they search for information), and search motivation (why users search) will be discussed. The general Web space will be reviewed first for each section, and then we will focus on previous studies in the mobile search domain for each section.

2.2.1 Mobile Search Topics: What Does the User Search For?
Table 2. 1 shows previous studies on search topics and queries from the general Web domain and the mobile search domain. Many previous studies that have analysed search topics and queries have been conducted for the general Web domain to better understand how people search (Rieh & Xu, 2001; Jasen & Spink, 2003; Beitzel et al., 2004; Jasen & Spink, 2006). Rieh and Xu (2001) aimed to determine how queries influence search results. They did a log study of the Excite search engine on 9 October 2000 and analysed queries from 1,451,033 users. They also analysed how each user re-formulated a query over a one-day period. After log collection, 183 sessions were selected based on certain criteria and analysed manually. The results showed that, although most query re-input did have content changes, about 15% of the query re-input was based on format modifications.
Jansen and Spink (2003) conducted a log-based study for AlltheWeb.com on 6 February 2001 over a one-day period. They found that, for the general Web, users viewed eight Web documents, on average, and that more than 66% of users viewed fewer than five Web documents in one session. They also found that, on average, users viewed only about two or three documents for each query, and about 55% of users viewed one result for each query. They also noticed that 20% of users spent less than one minute viewing each Web document. These results indicated that the first impression of a Web document is very important to the user’s perception of relevance.  

Beitzel et al. (2004) conducted a log-based study for America Online on 26 December 2003 over seven days. They analysed millions of queries submitted by nearly 50 million users. They found that nearly 2% of the queries from their study used operators for queries, the average length of each query was 2.2 terms, and about 81% of users viewed only the first page of results. They also found changes in popularity and the uniqueness of search topics across hours of the day. Jasen and Spink (2006) found that log-based study of search queries for Web search engines provided a clear understanding of what information users search for, how they formulate their queries, and how they deal with their results.
Research Domain	Source
General Web Domain	Rieh & Xu, 2001; Jasen & Spink, 2003; Beitzel et al., 2004; Jasen & Spink, 2006
Mobile Search Domain	Kamvar & Baluja, 2006; Kamvar & Baluja, 2007;  Church et al., 2007; Church et al., 2008; Yi et al., 2008; Kamvar et al., 2009; Yi & Maghoul , 2011; Church & Oliver, 2011
Table 2. 1 Literature review of research domain for search topics

With the growth of the mobile internet, recent studies have emerged concerning the mobile search domain. In 2007, Kamvar and Baluja (2007) implemented a large-scale study for mobile search users based on Google. They analysed one million queries, and the results showed that mobile search queries are becoming more diverse and that mobile search behaviour is changing, but compared with desktop PC search at that time, mobile search queries were far less diverse than desktop PC queries (Kamvar & Baluja, 2006). They also found that popular query topics were different for different devices, such as desktop PCs, mobile phones, and PDAs, but the interesting finding here was that the top topic for mobile search was adult-related content, accounting for more than 20%, while desktop PCs accounted for less than 10% of such searches at that time. They stated that the possible reasons for this include the fact that mobile search was a new concept at that time, so the same topic trends as found for desktop search were to be expected. Following the previous trend for desktop search, they predicted that adult-related topics for mobile search would have declining trend. Moreover, users treat their mobile phones as private devices much more than their desktop PCs, so they expect a high degree of privacy on their mobile phones, so users feel more comfortable and more likely to perform adult-related searches on their mobile phones.  

Church et al. (2007) conducted a large-scale survey for 600,000 European mobile users in 2006. In contrast to the study from Kamvar and Baluja (2006), which focused only on Google, this study covered more than 30 different mobile search engines, including not only such leading search engines such as Google and Yahoo but also some special engines, such as Seek4Wap, Click4Wap, etc. The study found that the use of advanced search features was absent from mobile search compared with traditional Web search. They also found that queries from mobile searches were slightly shorter than traditional Web search queries. The average length of mobile queries was 2.06 terms per query compared to 2.35 terms per query, though it has now reached three terms per query (Church, 2007). Moreover, Church et al. (2007) indicated that the most popular topic was adult-related content, which accounted for 53% of the top 500 mobile search queries, followed by multimedia and email (10%) and messaging and chat (8%). These figures are very similar to Kamva and Baluja's findings. They stated that the possible reason is that mobile search users might be influenced by early Web searches because most previous studies that focused on Web searching reported that adult-related content was searched very frequently among early Web users. Finally, they found that mobile searchers felt that it was more difficult to locate relevant information according to the data, mobile searchers performed more searches per session than Web search. Moreover, the study also compared search and browsing and found that 92% of mobile sessions focused on browsing, while only 8% used mobile search.

Source	Classification of Topics
Kamvar & Baluja, 2007	Six categories were reported, and the top five categories: 1) adult, 2) entertainment, 3) Internet/telecommunications, 4) lifestyles/online communities, and  5) local
Church et al., 2007	16 categories were identified, and the top five categories: 1) adult, 2) multimedia, 3) email, messaging & chat, 4) search & finding things, 5) entertainment
Church et al., 2008	17 categories were classified, and the top five categories: 1) adult, 2) email, messaging & chat, 3) search & finding things, 4) entertainment, 5) multimedia
Yi & Maghoul, 2011	23 categories were classified, and the top five categories: 1) electronic, 2) local, 3) entertainment, 4) retail, 5) sports, consumer goods and health
Yang & Deng, 2013	10 categories were classified, and the top five categories: 1) compare prices, 2) food safety, 3) career plan, 4) stress, 5) health/lifestyle
Table 2. 2 Literature review of a range of classification for topics
  
Later, Church et al. (2008) conducted a similar study in 2008 for European mobile users. This study focuses on the click-through behaviours of users; click-through behaviour is important because it can represent the relevance of search results and the quality of search engines to return better results to users. In the study, 260,000 European mobile searchers were involved and over six million searches were generated, and the researchers found that only about 12% of Google queries were successful, which means that nearly 90% of queries failed. They concluded that the results from mobile search may have difficulty attracting searchers’ attention compared to general Web search. They also found that only about 24% of these queries happened with at least one click-through, so there was potential for improvement. Again, the results showed that the most popular topic was adult-related content, accounting for 61% of the top 500 mobile queries, similar to Kamvar and Baluja's findings (2007), but queries on entertainment, multimedia, and gaming have slowly declined, while the topics of email and socialising/dating showed an increasing trend.

Furthermore, Church et al. (2014) conducted a more comprehensive diary study that employed a contextual experience sampling method, a snippet-based diary technique using SMS technology, and an online Web diary to gather in situ information needs. The study was run for three months, and more than 100 users participated. They proposed a topic classification that focused on daily information needs, and 11 categories were identified. The most popular five categories were finding, availability, persons, environmental conditions, and news and trivia. They found that daily information needs are highly varied, intricate, and dynamic and that people still face difficulty finding answers to their daily questions. They also stated that differences exist with respect to information needs between men and women, and women were more likely to rely on social approaches to satisfy their information needs.  

Kamvar et al. (2009) conducted a log-based study to compare users' search activity employing computers, iPhones, and mobile phones in 2009. They analysed search logs on three different Google search interfaces, and for each one, more than 100,000 English-language queries made by 10,000 users were extracted for 35 days. The study found that the average length per query were similar for computer and iPhone search but significantly smaller for traditional 2G mobile phone search. They also found that iPhone query diversity is similar to that of computer query but different from mobile query diversity. They stated that the diversity gap between smartphones and computers is decreasing. With the advancement of mobile devices, users will use mobile search as an extension of computer search. Moreover, Nicholas et al. (2013) conducted a log-based study for a major culture website called Europeana and identified the difference between mobile and desktop/laptop users. They analysed the behaviour of nearly 70,000 mobile users over a period of more than a year, and then they compared the findings with those for desktop users of the same site and for the same period. They found that mobile visits were typically shorter than desktop visits by an average of about 10 seconds, that mobile visits were less interactive, nearly twice as likely to be bouncing visits than those of desktop users and more than 10 times likely to be bouncing visits than those of heavy users, and that less content was consumed per visit than on desktop PCs. They summarised their finding by indicating that mobile information seeking is faster, more abbreviated, and less intensive than desktop PC information seeking. 
In 2011, Yi and Maghoul (2011) conducted a large-scale log-based study that analysed 20 million US mobile search queries performed using Yahoo! The results showed that the number of unique queries for mobile phone search increased from 4.5 million to six million between 2007 and 2010. In comparison with the findings from previous research in 2007 (Yi et al., 2008), they found that users' interests in mobile search topics had changed and that search queries were becoming more diversified. They pointed out that adult-related queries had decreased significantly but location-based queries had increased dramatically. Similar results were found by Church and Oliver (2011) who manually classified the top 1000 queries, and the results showed that adult-related queries had decreased significantly, accounting for only 14% of the top 1,000 queries. The socialising/dating category was ranked as the most popular topic for mobile search queries in this study, accounting for over 40% of the top 1,000 queries (Church & Oliver, 2011). These findings met the assumptions of Church et al. (2008) that mobile search trends would follow early Web search trends and that the trend for adult-related queries would decline. Moreover, the shift in mobile search interests was studied by Baeza-Yate et al. (2007). They performed a study in Japan, the most developed mobile search market, and the results from the study indicated that ‘lifestyle information’ was the most searched topic among Japanese mobile phone users (Baeza-Yates et al., 2007).

In 2013, Yang and Deng (2013) conducted ethnographic interviewing and Web surveys to analyse the information needs of 200 Chinese mobile Internet users. The results showed that the mobile Internet users' information needs were the same as for the traditional Internet, but users were more focused on physiological matters, safety needs, and love/belonging. The top topic categories were price comparison, food and nutrition safety, and career planning. The researchers stated that the communal interest in information regarding the food safety may be a result of numerous reports of food poisoning or false products, so users may wish to use their mobile devices to check reviews online. Furthermore, as a result of the developing global economy, many job opportunities and career options have emerges, so many people are eager to acquire career information.  

Table 2. 2 summarises the classification of mobile search topics proposed by previous studies, and it shows the changing of search interests in the mobile search domain, which provided the basis for our study on what users search for.

According to previous large-scale studies, the results showed that mobile interests are still changing and become more diverse. However, Amin et al. (2009) indicated that these log-based studies cannot represent the motivations behind users’ queries. They pointed out that different devices could influence mobile phone users' search behaviour, and their study showed that users who searched with Qwerty keyboards exhibited different search behaviour compared with users who searched on 12-keypad mobile phones (Amin et al., 2009). Furthermore, Sadler et al. (2006) found that, without advanced mobile devices, mobile information needs are difficult to address (Sadler et al., 2006). To understand mobile phone users’ information needs in more detail, it is essential to know clearly the motivations/goals behind mobile search queries to determine the actual purpose of mobile search.

2.2.2 Motivation: Why Do Users Search?      
A number of studies focused on understanding information needs, examining ‘why’ users search, mainly referring to the motivation behind their queries. Motivation is defined by the Oxford English Dictionary as ‘a reason or reasons for acting or behaving in a particular way’. Deci and Ryan (2000) identified different types of motivation according to the reasons or goals that lead to an action, and two basic types of motivation were identified: intrinsic motivation, which refers to ‘doing something because it is inherently interesting or enjoyable’, and extrinsic motivation, which refers to ‘doing something because it leads to a separable outcome’ (Deci & Ryan, 2000). Bomia et al. (1997) also defined intrinsic motivation, which refers to ‘influences that originate from within a person which cause a person to act or learn’. 

Table 2. 3 lists previous studies on motivation and intent behind queries from the general Web domain and the mobile search domain. Broder (2002) proposed a taxonomy of the general Web to understand the intent behind users' search queries. In this study, Web queries were classified into three types based on their intent: 1) navigational, 2) informational, and 3) transactional. Navigational queries are performed to find a particular website, such as Yahoo!, etc. Informational queries are performed to find more information for a topic or an answer to solve a problem. Finally, transactional queries aim to perform a Web-based activity, such as downloading data or using an online service.

Research Domain	Source
General Web Domain	Broder, 2002; Rose & Levinson, 2004; Kim et al., 2005; Jasen et al., 2007
Mobile Search Domain	Church et al., 2008; Church & Smyth, 2009; Taylor et al., 2009
Table 2. 3 Literature review of research domain for search motivation

Rose and Levinson (2004) analysed nearly 500 random sample queries from the AltaVista search engine and proposed a taxonomy based on Broder's work by identifying different search goals. In their work, the ‘informational’ category was further divided into five subcategories: 1) directed, 2) undirected, 3) advice, 4) locate, and 5) list. The ‘transactional’ category was renamed as ‘resource’ and further divided into four subcategories: 1) download, 2) entertainment, 3) interact, and 4) obtain. They found that nearly 60% of search queries were informational queries and that a large number of these queries aimed to locate a service or product; informational queries were followed in popularity by resource queries (21.7–27%) and navigational queries (11.7–15.3%).

Kim et al. (2005) conducted an empirical study on applying context through mobile devices; 37 participants were selected for a pilot study. The main study was implemented for two weeks. Participants were asked to use the mobile Internet when needed, and a small diary was given to each participant to record the details of their search. They proposed a framework of use contexts related to the mobile Internet involving internal context, external context, physical context, and social context. They stated that internal context refers to intrinsic factors, and users' search motivation was further classified into two categories: utilitarian and hedonic (Kim et al., 2005). This categorisation has received a great deal of attention in the marketing field, and the utilitarian motivation has been defined as ‘mission critical, rotational, decision effective, and goal oriented’ (Engel et al., 1993; Batra & Ahtola, 1991; Hirschman & Holbrook, 1982), while hedonic motivation has been defined as ‘search for happiness, fantasy, awakening, sensuality, and enjoyment’ (Parsons, 2002; Babin et al., 1994; Sherry, 1990; Bloch & Bruce, 1984; Hirschman & Holbrook, 1982). Dhar and Werternbroch (2000) argued that the utilitarian and hedonic factors were valid classification criteria for various services and products. The distinction between utilitarian and hedonic motivations has also drawn attention from the technology perspective. Van der Heijiden (2004) defined utilitarian as providing ‘ instrumental value to the user’ and hedonic as providing ‘ experiential value to the user’. Later, Xu et al. (2012) stated that utilitarian search aims to provide instrumental value and that hedonic search mainly provides experiential value.

Jansen et al. (2007) analysed five million queries from three Web search engines. They examined the intent behind users’ queries based on three classifications proposed by Broder (2002): informational, navigational, and transactional. They found that more than 80% of Web queries were informational queries, followed by navigational queries (about 10%) and transactional queries (less than 10%).

With the growth of the mobile internet, recent studies on mobile search domain have emerged. Church et al. (2008) studied mobile users’ intentions behind queries based on the three classifications of user intent identified by Broder (2002): 1) informational, 2) navigational, and 3) transactional. They redefined the meaning of each classification to make it suitable for the mobile space. For example, informational means that mobile users search for information about a general topic; they seem interested in the topic only at the time of the search, with no further interactions. Navigational means that information that mobile users seek refers to a particular site or service. Transactional means that users visit a site where more interactions will happen, such as purchasing a product. Church et al. (2008) classified the top 500 queries from a single-day experiment, and the results showed that the most popular types were transactional, accounting for more than 60%, followed by navigational, accounting for more than 29%. They indicated that the navigational intention is important in the mobile search domain even though the number of navigational user queries is not particularly high. Furthermore, informational was the least searched category, which shows that mobile users tend to perform more specific searches than general information searches.

Source	Taxonomy
Broder, 2002	Three types according to their motivation: 1) navigational, 2) informational, and 3) transactional
Rose & Levinson, 2004	Extended from Broder's framework: 1) navigational, 2) informational (a. directed, b. undirected, c. advice, and d. locate), and 3) transactional (a. download, b. entertainment, c. interact, and d. obtain)
Church & Smyth, 2009	Adapted from Broder's framework: 1) informational, 2) geographical, and 3) personal information management (PIM)
Kim et al., 2005	Two categories according to motivation: 1) utilitarian and 2) hedonic
Taylor et al., 2009	Adapted from Kim's framework for the mobile domain: 1) awareness, 2) time management, 3) curiosity, 4) diversion, 5) social connection, and 6) social avoidance
Table 2. 4 Literature review of a range of taxonomy for search motivation

Church and Smyth (2009) conducted a diary study to examine mobile users’ search intentions behind information needs in more detail. They noted that their previous classifications of the motivations behind users' queries (Church et al., 2008) needed to be adapted for users ‘on the move’, so they altered the previous taxonomy by adding three new categories: 1) informational, 2) geographical, and 3) personal information management (PIM). The results showed that more than 58% of the diary entries were informational, followed by geographical at 31.1%. Here, geographical means that the information searched was related to location contexts (Church & Smyth, 2009). Many previous studies have indicated that geographical intention could be one of the most important mobile search triggers, especially among users on the move (Yi et al., 2007; Kamvar & Baluja, 2007; Sohn et al., 2008; Amin et al., 2009; Church & Smyth, 2009). Kamvar and Baluja (2007) showed that ‘local services’ was the most popular topic and that mobile phone users often have local information needs both directly or indirectly, such as the location of the nearest shop, where to buy coffee, etc. Similar results showing a high rank for local topics have also been found in other large-scale log-based studies (Church et al., 2007; Baeza-Yates et al., 2007). Church and Smyth (2009) also indicated that mobile users normally have information needs when they are in unfamiliar areas; according to the results, more than 34% of search activities were triggered by unfamiliar locations. 

Taylor et al. (2009) focused on the mobile space and examined why users search for information on the mobile Internet. They tracked 11 mobile users for five days, and then the researchers analysed the data based on Glaser's grounded theory and collectively proposed a classification scheme that reflects the motivations and search activities observed from in the study. Finally, the researchers reached 100% agreement on a framework for understanding mobile Internet use. The classification of motivations in this framework was based on the broad classifications of utilitarian and hedonic purposes (Kim et al., 2005), and the researchers categorised motivation into six types: 1) awareness, 2) time management, 3) curiosity, 4) diversion, 5) social connection, and 6) social avoidance. Awareness means that people want to keep themselves informed in general. Examples include checking email and news sites. Time management means that people want to be efficient, manage projects, or get things done. Examples include searching for an address and checking traffic. Curiosity means that people are interested in an unfamiliar topic, usually one encountered by chance, such as a place of interest. Diversion means that people want to kill time or relieve boredom by searching without a goal. Social connection means people want to engage with others. An example is posting to a social network. Social avoidance means that people want to separate themselves from others, such as by using a mobile phone as a ‘cover’ to stop others from starting a conversation.

Ferreira et al. (2014) used framework AWARE to track mobile phone usage. They focused on understanding micro-usage which defined as brief bursts of interactions with applications that last 15 seconds or less. Two studies were described in this paper. For study 1: an initial 3 weeks study of the phone usage patterns of 21 smartphone users in which micro-usage is identified, and for study 2: a 2 week follow-up study with 15 participants in which experience sampling is used to capture the location, time, trigger and social context surrounding micro-usage. They stated that 5 triggers were classified: 1) notification, refers to instances when the device indicates new information is available, 2) killing time, refers to instances in which participants used the phone as an entertainment device, 3) looking for something, refers to when the participants used the devices to search for information, 4) accident, refers to participants launched an application by mistake, and 5) other, refers to other reasons which could not foresee but still wished to capture. They summarized that the most popular trigger for mobile phone micro-usage was 'notification'(62%), followed by 'killing time'(18%), 'looking for something'(11%), 'accident'(6%) and 'other'(3%). 

Sahami Shirazi et al. (2014) conducted a large-scale log-based analysis which especially focused on mobile notifications. A desktop notification app was created and available to download from Google Play. In this study, nearly 200 million notifications were collected from 40,191 unique users which lasted for 6 months. They found that the higher the importance of the notification, the shorter is the click time. They observed nearly 50% of notifications were interacted within the first 30 seconds which indicated that notifications on phones are in general of great importance for users. They also stated that notifications from apps that can be used for communication with others are significantly more important than other notifications.

Pielot et al. (2014) conducted a one week, in-situ study which focused on mobile phone notifications. 15 mobile phone users were participated in this study. Logging application were installed on participants' mobile phone for collecting real-world notifications, and an online diary was used to collect subjective perceptions of those notifications. They stated that participants had to deal with 63.5 notifications on average per day, and social pressure in personal communication was among the main reasons given. They also pointed out that receiving more messages and social network updates also made participants feel more connected with others. 

Table 2. 4 summarized the taxonomies for motivation and intent which proposed from previous studies, and it has shown the improvement of these taxonomies and how they adopted into mobile search domain, which provided the basis for our study of why users search for.

2.2.3 Search Activity: How Do Users Search?   
Search activity refers to understanding how users fulfil their information needs, and Kellar et al. (2006) stated that researchers still do not properly understand the different types of search activities that users employ on the Web. This is mainly because the Web is a changing area that is continually improving (Hawkey & Inkpen, 2005), so collecting rich user data from the Web could be difficult (Fenstermacher & Ginsburg, 2003; Hawkey & Inkpen, 2005), and user search behaviour on the Web is  complicated (Rieh, 2004; Herder & Juvina 2004). Therefore, previous studies need to be validated continually to match the current Web conditions. Generally, users' search activity has been studied and characterised based on models of information seeking that provide good descriptions of users' information seeking activities (Ellis, 1989; Kuhlthau, 1991; Marchionini, 1995; Wilson & Walsh, 1996), so the popular user-centred models of general information seeking are discussed below.

Research Domain	Source
User centred models	Ellis, 1989; Kuhlthau, 1991; Ellis et al., 1993; Marchionini, 1995; Wilson & Walsh, 1996; Meho & Tibbo, 2003; 
General Web search activities	Catledge & Pitkow, 1995; Pitkow & Kehoe, 1996; Choo et al., 2000; Morrison et al., 2001; Sellen et al., 2002; Kellar et al., 2006
Mobile search activities	Taylor et al., 2009
Table 2. 5 Literature review of research domain for search activity

Ellis (1989) proposed an initial information seeking model that involved six activities: ‘starting’, ‘chaining’, ‘browsing’, ‘differentiating’, ‘monitoring’, and ‘extracting’. Later, Ellis et al. (1993) validated the model and added two more activities: ‘verifying’ and ‘ending’. In 2003, Ellis's model was extended further to include Web-based information seeking by Meho and Tibbo (2003), and three more activities were added: ‘accessing’, ‘networking’, and ‘information managing’.

Kuhlthau (1991) proposed an information seeking model that is similar to Ellis' model (1989) but also includes users' thoughts, feelings, and actions. This model includes six stages: ‘initiation’, ‘selection’, ‘exploration’, ‘formulation’, ‘collection’, and ‘presentation’.

Marchionini (1995) proposed an information seeking model in electronic document environments that focuses on sub-processes. These sub-processes include identifying the problem, understanding the problem, selecting a search system, formatting a query, performing the search, analysing the results, selecting relevant information, and deciding to finish/re-start the search process. 

Wilson and Walsh (1996) proposed an information seeking model that was different from previous models. This model focuses on high-level information seeking processes:  ‘passive attention’, ‘passive search’, ‘active search’, and ‘ongoing search’. Passive attention refers to information that is obtained without being actively considered, such as by listening to the radio or watching TV. Passive search refers to information that is captured serendipitously during a search. Active search refers to information that is captured through explicit searches. Ongoing search refers to searches that are performed to update or expand on previously found information. 

These models are very useful in understanding information seeking, but they cannot cover all search activities that users perform on the Web (Kellar et al., 2006). Some other studies have focused on general user search activities on the Web (Catledge & Pitkow, 1995; Pitkow & Kehoe, 1996; Choo et al., 2000; Morrison et al., 2001; Sellen et al., 2002; Kellar et al., 2006; Taylor et al., 2009). Table 2. 5 lists previous studies on search activity that employed user-centred models, the general Web domain, and the mobile search domain.

Catledge and Pitkow (1995) classified user activities on the Web into three categories: ‘serendipitous’, ‘general purpose’, and ‘searcher’. Later, Pitkow and Kehoe (1996) identified five main Web activities: ‘browsing’, ‘entertainment’, ‘work’, ‘shopping’, and ‘other uses’. They stated that the activities stayed quite consistent with those found in the previous study.

Choo et al. (2000) used interviews, questionnaires, and a logger to examine the activity of 34 knowledge workers on the Web for two weeks, and they employed the critical incidents technique. They found that information seeking activities could be classified into four categories: 1) undirected viewing, 2) conditioned viewing, 3) informal search, and 4) formal search. 

Morrison et al. (2001) analysed the results from the Graphic, Visualization and Usability Centre’s (GVU) 10th WWW user survey. 2,188 responses were recorded for the survey, and each participant was asked to describe a recent Web search activity that led to a significant action or decision. They identified four main goals of Web use: 1) collect, 2) find, 3) explore, and 4) monitor.

Sellen et al. (2002) used a combination of interviews and diaries to study Web activities, recruiting 24 knowledge workers for a two-day study. The participants were asked to record their Web activities. The researchers found that activities could be classified into six main categories: 1) finding, 2) information gathering, 3) browsing, 4) transacting, 5) communicating, and 6) housekeeping. Finding refers to search activity triggered by a clear goal and a search for something specific, such as an address. Information gathering refers to search activity that seeks information about a specific topic. Browsing refers to search activity that lacks specific goals. Transacting refers to activity in which a transaction is performed with online services or products, such as online banking. Communicating refers to activity in which the Web is used to chat with others or have a group discussion. Housekeeping refers to activity performed to maintain the functionality and accuracy of online sources, such as checking Web links (Sellen et al., 2002).
    
Kellar et al. (2006) proposed a similar taxonomy as Sellen et al. (2002) using different methods. They first proposed an initial structure based on previous studies and then further developed the initial taxonomy though a pilot study, focus group interviews, and a field study. The field study was run for one week, and the researchers recorded users' search activities and asked them to categorise these activities based on an existing scheme. They started with an initial taxonomy containing four categories, ‘fact finding’, ‘information gathering’, ‘browsing’, and ‘monitoring’, and finished with six categories: 1) fact finding, 2) information gathering, 3) browsing, 4) transactions, 5) communications, and 6) maintenance. Fact finding refers to activity seeking something specific. Information gathering refers to activity seeking information from multiple sources, such as research about a place. Browsing refers to activity that lacks specific goals. Transaction refers to activity involving engagement with online services or products, such as online banking or purchasing. Communications refers to activity involving web-based communications, such as email. Maintenance refers to the activity of maintaining Web resources (Kellar et al., 2007). 

Source	Taxonomy
Catledge & Pitkow, 1995	Three categories according activity: 1) serendipitous, 2) general purpose, and 3) searcher
Pitkow & Kehoe, 1996	Five main activity for Web: 1) browsing, 2) entertainment, 3) work, 4) shopping, and 5) other uses
Choo et al., 2000	Four categories characterized: 1)undirected viewing, 2) conditioned viewing, 3)  informal search, and 4) formal search
Morrison et al,.2001	Four categories reported: 1) collect, 2) find, 3) explore, and 4) monitor
Sellen et al., 2002	Activities classified into six main categories: 1) finding, 2) information gathering, 3) browsing, 4) transacting, 5) communicating, and 6) housekeeping
Kellar et al., 2006	Six categories classified, similar to Sellen: 1) fact finding, 2) information gathering, 3)browsing, 4) transactions,  5)communications, and 6) maintenance
Taylor et al., 2009	Focused on mobile domain, eight categories classified: 1) status checking, 2) browsing, 3) information gathering, 4) fact checking, 5) in-the-moment, 6) planning, 7) transaction, and 8) communication
Table 2. 6 Literature review of a range of taxonomies for search activity

Taylor et al. (2009) focused on the mobile space and proposed a framework for understanding mobile use. They adopted a previous Web activity classification (Kellar et al., 2006) and applied it to the mobile space. The classification of search activity from this framework was similar to Sellen's taxonomy and Keller's classification scheme, but it only focused on mobile search activity. Activities were classified into eight categories: 1) status checking, 2) browsing, 3) information gathering, 4) fact checking, 5) in-the-moment, 6) planning, 7) transaction, and 8) communication. Status checking refers to activity to check a piece of non-static information, such as news, weather, or email/Facebook posts. Browsing refers to activity seeking information without a specific goal, such as following Web links from email. Information gathering refers to activity seeking information about a specific topic, such as searching many sources for information about a place. Fact checking refers to activity to check or validate a piece of static information, such as who appeared on TV, the meaning of a word, or a phone number. In-the-moment refers to activity seeking information to take immediate action, such as searching for movie information while walking to the cinema. Planning refers to activity seeking information to satisfy tasks beyond the immediate action, such as choosing a film to watch tomorrow or checking the weather for a planned trip. Transaction refers to activity involving online services or products, such as an online purchase. Communication refers to activity dealing with another person or a group to share information, such as responding to other people through social networks or communicating through email (Taylor et al., 2009).

Brown et al. (2014) adopted an audio-video recording method to study the usage of iPhone for 100 days. 15 mobile phone users were participated in this study who based in Sweden, US, and the UK. Participants were asked to install an application on their own iPhone device which logged all screen interactions along with surround audio, GPS, and the application launches. Participant were also asked to record their usage by accessing an online web diary where they could review their recordings and provide details for each phone use. Participants can stop at any stage by turning off the application or deleting all recording from online diary. Follow-up interviews were conducted with participants to clarify any issues from online diary. In total, 1,695 video clips of iPhone use were captured which contained 70 hours of iPhone usage. They stated that 4 different 'style' of phone use were identified: 1) micro-breaks in which users quickly check their phone for messages or social media, relatively short and frequent, 2) filling time in which participants engage in behaviours such as mobile reading, 3) sociality of use, in which refers to a prevalent multi-person interaction during mobile device use, and 4) digital knitting, in which the phone is used for longer periods while other activities take place, such as conversations.

Banovic et al. (2014) proposed a classification of mobile phone use based on duration and interaction. They used the AWARE framework which ran on participants' Android phones as a background service with no user interface. 10 Android users were participated in this study, and 3 classification of mobile phone use were identified: 1) glance, which are brief interactions that involve the user turning their screen on without launching any application, for example to check the time, 2) review, which lasts 60 seconds or less that involve the user interacting with one or two applications, and 3) engage, which are longer in duration lasting more than 60 seconds and typically involve multiple application interaction. They also reported that almost half of all device uses were glance and most of them do not actually follow a notification, this implies that mobile phone users often interrupt themselves throughout the day to check their phones.

Table 2. 6 summarises the taxonomies for search activity proposed in previous studies, and it shows the improvement of these taxonomies and how they have been applied to the mobile search domain, which provided the basis for our study of how users search for information.

2.3 Contextual Factors
Abowd et al. (1999) defined context as ‘any information that can be used to characterize the situation of an entity’. He stated that an entity could be any object that is relevant to the interaction between user and system (Abowd et al., 1999). Context has received increasing attention in the information retrieval (IR) field, mainly focused on search interactions and information seeking. In the IR field, context refers to the data, applications, and situations of search and the data that could affect users’ search behaviour and perception of relevance (Ingwersen & Jarvelin, 2006).

Goker and Myrhaug (2002) defined a generic user context taxonomy that includes five categories: 1) environment context, 2) personal context, 3) task context, 4) social context, and 5) spatio-temporal context. Environment context refers to the objects that surround the user. These objects could be services, light, noise, humidity, temperature, and people. Personal context has two sub-categories: physiological context and mental context. Physiological context includes blood pressure, hair colour, weight, glucose level, and pulse. Mental context includes stress, angriness, mood, and expertise. Task context refers to what the people are doing. Social context refers to the social aspects of user context, such as neighbours, friends, enemies, relatives, and co-workers. Spatio-temporal context refers to the time and spatial extent of the user’s context, such as time, direction, shape, location, speed, etc. (Goker & Myrhaug, 2002). 

Tamine-Lechani et al. (2010) explored previous studies and classified context into five dimensions: 1) device, 2) spatio-temporal, 3) user context, 4) task/problem, and 5) document context. Device refers to physical things that can be used by users to access information, such as computers, laptops, etc. Spatio-temporal includes two sub-categories: geographical location and time. This context refers to information that better addresses the user’s time and location data. User context refers to information that requires direct interactions with users to learn the user profile implicitly from users' search activities. It includes two sub-categories: personal context and social context. The first includes further sub-categories: demographic context, which refers to personal preference, and psychological context, which refers to a user's characteristics that influence information seeking behaviour and the user's relevance perception. Cognitive context refers to user's interests or level of expertise. The latter refers to the user's community, such as neighbours, friends, etc. Task/problem refers to the intention behind the search activity. Document context refers to multiple variables, such as the document content, structure, layout, genre, hyperlink, etc., which can improve the probability that such objects could be useful to the information situation (Tamine-Lechani et al., 2010).

Nowadays, context in information retrieval has extended to solve problems in new area, such as mobile Information retrieval. Definitions and examples of context from within mobile information retrieval tend to be more tangible. Table 2. 7 lists previous studies of contextual factors that are relevant to mobile search. Kamvar and Baluja (2007) showed that local services were the most popular topic, and location-based searches were important in the mobile phone search domain. They stated that location context is important for improving mobile search quality; studies from Baeza-Yates et al. (2007) and Church et al. (2007) showed the similar findings. Amin et al. (2009) suggested that previous log-based analysis cannot give the underlying detail indicating why the search was triggered and where it was triggered, etc., so they conducted a diary-based study to analyse the underlying motivation and surrounding contexts related to the mobile search. The results showed that location-based searches were motivated by various contextual factors (Amin et al., 2009). Sohn et al. (2008) also conducted a diary-based study to analyse the underlying motivation and the contexts that triggered the search and found similar results; about 72% of their diary entries were triggered by some contextual factors. Teevan et al. (2011) conducted a survey at Microsoft that focused on local searches involving 929 employees. The study showed that mobile searches were triggered by many factors and that the underlying motivations were highly related to contextual factors, which could be classified into four categories: 1) location, 2) time, 3) current activity, and 4) conversation with other people. 

Key Contextual Factors	Source
Location	Kassinen, 2003; Bierig & Goker, 2006; MacFarlane, 2007; Dearman et al., 2008; Amin et al., 2009; Heimonen, 2009; Church & Smyth, 2009; Nylander et al., 2009; Verkasalo, 2009; Teevan et al., 2011
Time	Beitzel et al., 2004; Bierig & Goker, 2006; Church & Smyth, 2007; Sohn et al., 2008; Heimonen, 2009; Teevan et al., 2011 
Social Context	Dearam et al., 2008; Sohn et al., 2008; Cui et al., 2008; Heimonen, 2009; Amin et al., 2009; Wigelius et al., 2009; Church et al., 2012
Work Task	Bystrom & Hansen, 2002; Ingwersen & Jarvelin, 2005; Sohn et al., 2008; Heimonen, 2009; Amin et al., 2009
Table 2. 7 Literature review of contextual factors that are relevant to mobile search

2.3.1 Location     
Location is an important contextual factor in mobile phone search because mobile phone users' search activity is often triggered while on the move and related to their current locations, and the location context can be captured accurately from mobile phones (Kassinen, 2003; Bierig & Goker, 2006; Amin et al., 2009; Dearman et al., 2008; Heimonen, 2009; Church & Smyth, 2009; Nylander et al., 2009; Verkasalo, 2009; Teevan et al., 2011).
Kaasinen (2003) focused on the evaluation of location-aware systems and found that user expectations for location-aware services were high, especially in particular situations, such as in an unfamiliar area and searching for a typical service, or in urgent situations. The results also show that the need for information on demand is high; e.g. users can get static train information from the Web before they go to the station. Bierig and Goker (2006) focused on the relations and importance between different contextual factors. They have applied a user-centred empirical study and found that location has significant effects on searching. Mountain and MacFarlane (2007) conducted a two-stage user needs study among users in the Swiss National Park. The first stage was a questionnaire administered when visitors arrived in the park, and the second stage involved recording questions from visitors travelling with a research team member. They found that 90 questions were recorded, 53 of which (about 60%) of the queries were related to location, a significantly higher rate than the rate for desktop users (about 20%). They also pointed out that the study was conducted outdoors, visitors were mobile, and information needs were identified based on questions asked by visitors. Sohn et al. (2008) applied a diary-based study and found that location was the most popular factor that triggered users' contextual information needs. Verkasalo (2009) stated that the most popular locations for generating mobile searches are at home, in the office, and on the go. Church and Smyth (2009) found that the number of geographical terms increased dramatically in mobile searches when users were on the move. Heimonen (2009) found that searches triggered by location were usually based on users' current location and related to users' current activities. Teevan et al. (2011) applied a survey focused on local searches and found that searches were triggered more on the move than at a particular location, and for users on the move, searches were triggered based on looking for an address near current location or looking for an address near a destination or the fastest way to a destination. However, Nylander et al. (2009) found that users' searches related to geographical context accounted for only 15% of the searches in their data.

2.3.2 Time
Time refers to time of the day, another important factor that influences users' information needs (Beitzel et al., 2004; Bierig & Goker, 2006; Church & Smyth, 2007; Sohn et al., 2008; Teevan et al., 2011; Heimonen, 2009) and can also be easily captured from mobile phones. Beitzel et al. (2004) examined a search log that had millions of queries from a commercial search engine over a seven-day period. The analysis is based on the hours of the day, and the researchers stated that users' searching activities were significantly influenced by the time of day. Bierig and Goker (2006) applied a user-centred empirical study and stated that time has a great effect on users' perception of usefulness from their study, higher than that of interest and location. In contrast, Heimonen (2009) proposed a diary study with eight experienced and active mobile users for four weeks and found that time was the second most important contextual factor and that mobile searches that were influenced by time usually related to users' current activities. Church and Smyth (2007) analysed a mobile Internet transaction log for over 600,000 users from a major European mobile operator and stated that about 8% of mobile search queries from their data directly related to time. Similarly, Sohn et al. (2008) conducted a two-week diary study showing that 7% of searches were related to business hours and 2% to movie times. Later, Teeven et al. (2011) conducted a survey that included 929 mobile searchers at a large software company and found similar results, with 12% of the searches were related to business hours and 5% to movie times.
 
2.3.3 Work Task
Li and Belkin (2008) defined tasks ‘activities people attempt to accomplish in order to keep their work or life moving on’. Work tasks have been studied and defined from various perspectives (Jarvelin & Ingwersen, 2004; Vakkari, 2003; Hansen, 1999; Algon, 1999). In the IR field, researchers are concerned with users' information seeking behaviour during task performance, and Bystrom (2002) defined work tasks as ‘a whole picture of a person’s actual work which heavily relies on information seeking’. For the purpose of our study, work task refers to an activity that people perform when a mobile search is triggered. 

Bystrom and Jarvelin (1995) classified tasks into six types: 1) automatic information processing tasks, 2) normal information processing tasks, 3) normal decision tasks, 4) known, 5) genuine decision tasks, and 6) genuine decision tasks based on the degree of task complexity. Automatic information processing tasks are tasks that can be completely determined a priori and processed automatically. Normal information processing tasks can be almost determined a priori but need some adjustments based on the situation and constraints. Known and genuine decision tasks are tasks for which the type and structure of the results is known a priori, but the process is largely indeterminable. Genuine decision tasks are tasks in which requirements, processes, and results are indeterminable. These tasks are unexpected and unstructured.

Xie (1998) explored the relationship between user goals and information seeking behaviours. She stated that goals and tasks are always associated in the information seeking process and classified four types of user goals: ‘long-term goal’, ‘leading search goal’, ‘current search goal’, and ‘interactive intention’. A long-term goal is a user’s personal goal that takes a long time to achieve, maybe an entire lifetime. A leading search goal is the goal of a user’s current task that triggers information seeking. A current search goal refers to the search results that users intend to obtain. Interactive intention refers to related goals that users must achieve during the process of achieving their current search goal.

Bystrom and Hansen (2002) attempted to propose a framework that integrated information seeking and retrieval based on the discussion of work tasks in information environments. They divided tasks into three types: ‘work tasks’, ‘information-seeking tasks’, and ‘information search tasks’. Ingwersen and Jarvelin (2005) further defined ‘work tasks’ to include non-job tasks or interests, such as daily tasks. They classified work tasks into three types: 1) natural work tasks, 2) simulated work tasks, and 3) requests for information. Natural work tasks emerge from real life; simulated work tasks are designed for research; and requests for information are tasks that assign search topics or requirements, such as TREC IR experiments. 

In the mobile search domain, work tasks have been widely studied. Sohn et al. (2008) argued that, together with time and location factors, activity is an important factor that could give a better understanding of users' mobile information needs. Amin et al. (2009) stated that activity is usually related to users' current task or work. Similarly, Heimonen (2009) applied a diary-based study to analyse how mobile searches could be influenced by contextual factors and stated that mobile searches usually help users to complete the current tasks in which they are engaged.  

2.3.4 Social Context
Social context usually refers to mobile search activity that has been performed with other people (Heimonen, 2009; Amin et al., 2009; Sohn et al., 2008). Previous research has shown that social context is an important contextual factor that significantly influence users' mobile searches (Wigelius et al., 2009; Dearam et al., 2008; Sohn et al., 2008). Amin et al. (2009) stated that more than 75% of location-based searches were triggered under social context and that individual location-based search was usually related to group information needs. They also found that most location-based searches were triggered during conversations with people. These findings are similar to the results of Cui et al. (2008), who indicated that mobile searches have been widely used to support conversation to start new discussions or launch new ideas from discussions. Church et al. (2012) conducted a study to investigate why and how people use mobile search in social groups, and the results highlighted that mobile searches with social context usually happened in unfamiliar locations. Most of these searches were motivated by curiosity or to assist with a task. 

Amini et al. (2013) stated that mobile local search is frequently a social activity. They conducted a survey and an exploratory user study which specially focused on mobile local search. A mobile application was built to study how people collaborate while conducting mobile search. 63 users were participated in the survey, and participants were mostly looking for 'restaurants' (60.3%), followed by 'other' (e.g. movie theatres, bars; 14.3%), 'attractions' (11.1%), and 'stores' (7.9%). They found that when collaborating on searches, it is more likely that the searchers are not very familiar with the area of search. They also found that users most often collaborated with friends, followed by family members and colleagues. They summarised that social context is important for mobile local search because people frequently search with others and that these searches often involve the use of more than one mobile device.

Heikkinen et al. (2013) conducted a qualitative, contextual study which focused on mobile devices usage in the car. User-centred design method Contextual Design was implemented in this study which consisted of 6 real-life trips with a total of eight participants - 6 drivers and 2 passengers. Three categories of tasks were identified during car journeys: 1) entertainment, 2) tasks supporting driving and the trip, and 3) work-related tasks. They observed the importance of social media and communication services from mobile devices, regardless of the trip type. In addition, they also observed social interaction between drivers and passengers on two trips, and the social peer support was important for the driver, especially with services requiring text input. They summarised that the car is an extension of other contexts and it contains a rich set of entertainment tasks, including use of social media.

2.4 Conclusion and Research Gap










The aim of the research design was to explore the nature of mobile phone search, to investigate how key contextual factors influence the search, and to explore the relationships among work task, motivation, search activity, and other key contextual factors.

For the purpose of this study, it is necessary to gather data on typical mobile phone searches and relevant contextual factors. Various research methods were considered and discussed at the beginning of this study. However, we found that an experiment is not suitable for the data collection because experimental designs are restricted and lab settings may not good for in-depth discussions on how mobile search is motivated and influenced by key contextual factors. Log-based studies are popular to analyse what and how people search through a large number of searches, but it is difficult to observe why the users decide to conduct a certain search, so it is not suitable for the purpose of this research design because user motivation is an important factor in our research, and the relationships among these factors need to be analysed. Diary studies are a popular approach to study user search behaviour in depth because it can capture what, why, and how users search, as well as the relevant contextual factors that are related to search, but all users must be tracked and managed throughout the whole process, and a diary study only targets a small group of users. This is not suitable for the purpose of the research at this stage because, based on the research aim, we are trying to determine whether there is a relationship among search motivation, search activity, and relevant contextual factors. To achieve this, we need a large number of samples, and a diary study could be used in the next stage to study the relationship in more depth after the relationship has been identified. In a focus group interview, a group of people is asked about their opinions, attitudes, or perceptions regarding a concept or idea. It is good for researchers to collect data from group interaction. However, the method is not suitable for the current study. Other people's opinions on a user's mobile search activity is not important here. Thus, a focus group interview is unsuitable. Because this study involves classifications of motivation and search activity that have been proposed before, it is based on a certain theoretical framework, which means that the grounded theory approach is also not a suitable approach. 

Method	Source
Log-based study	Church et al., 2007; Kamvar & Baluja, 2007; Yi & Maghoul, 2011
Diary-based study	Church & Smyth, 2009; Church et al., 2008; Heimonen, 2009; Teevan et al., 2011; Amin et al., 2009
Survey	Teevan et al., 2011; Church & Oliver, 2011
Table 3. 1 Literature review of a range of methods





To collect typical mobile phone searches for this study, smartphone users were targeted. To avoid non-smartphone users, the first question of the online survey asked users to choose whether they were smartphone users or not. If the answer was no, the survey was finished and then discarded manually later. Because of easy access to university resources, our online survey was mainly distributed through a volunteer student email list from University and a local Sheffield forum. To reach a large number and a diverse group of smartphone users, we also used the ‘snowball’ method through various social networks to distribute our survey, such as Facebook, Twitter (mainly for English speaker ), Weibo, and WeChat (mainly for Chinese speaker), and we also asked friends to use their social tools to distribute the survey through their networks. Moreover, because of our strong link with China, we created a Chinese version of the survey and distributed it in China as well, including in some major cities in China such as Beijing, Taiyuan, Zhejiang, where we have relatives and friends, aiming to reach as many smartphone users as we could.

3.1.2 Questionnaire Design
To collect data, the critical incident technique (CIT) was employed. CIT is a well-known research approach that includes the study of human activities, providing a systematic way to collect and analyse information in human activities that can reflect experiences in real life (Lipu et al., 2007). A survey questionnaire was designed consisting of 30 questions in an online format by LimeSurvey, hosted on University server, and requiring about 10 minutes on average to complete (based on a pilot study). The survey is available in two languages: English and Chinese. The questionnaire contains three parts:
Part 1: Covers demographics and background information, such as age, gender, etc.
Part 2: Focuses on the respondents' general mobile phone search experience, such as the frequency of using mobile phones to search for information, etc.
Part 3: Focuses on respondents' most recent mobile phone search experience to ask where, when, and how they performed a search to find the motivations for the search, determine whether they were satisfied with the results, and finally ask for feedback on the search experience.

For part 3 of this survey, to capture detailed information about users' most recent mobile phone search, a list of open questions was asked:
•	What did you search for? (open)
•	How did you search for it? (open)
•	What were you doing before the search? (open)
•	What triggered you to do the search? (open)
•	What did you do after the search? (open)
•	Where were you when you did this search? (closed)
•	Who were you with when you did this search? (closed) 

3.1.3 Pilot Study
A pilot study was conducted before the launch of the survey online. The aim was to assess whether normal smartphone users understood each survey question clearly and to investigate whether extra questions needed to be added or existing questions needed to be amended. Furthermore, the average time for completing the survey was calculated and used to inform the various smartphone users before they started the survey. 

3.1.4 Research Ethic Concerns
For part 3 of the survey, we asked for detailed information about where, when, what and how users performed their last mobile phone search, including users' personal information, so research ethics issues need to be addressed. We obtained ethics approval from the university before the survey started, and we distributed the information sheet online and informed participants that they could stop or withdraw from the survey at any time, that all data will be kept confidential and anonymous, and that data related to users can be deleted by request.

3.1.5 Participants' Profile












































Table 3. 2 Agreement table for motivation

Search Activity
We applied the classification of search activity proposed Taylor et al. (2009) to our data (Section 2.2.3) and used it to analyse the question ‘How did you search for this?’. Data exported from the survey were manually classified into each category. Two assessors were again involved in this classification procedure, each assessor carried out the classification separately, and then two assessors reviewed the results together. After correction and discussion, the final agreement rate for the classification of search activity was 88.7% (Table 3. 3). An inter-reliability analysis using the Kappa statistic was performed to determine the consistency between assessors, and the inter-reliability for the assessors was Kappa = 0.85 (p<0.001), with 95% CI (0.7998, 0.9005), Kappa>=0.80 means the level of agreement is Strong, which indicated that the data classification between two assessors is reliable (64-81%). Six categories of search activity were identified: status checking, browsing, information gathering, fact checking, in-the-moment, and planning.








Table 3. 3 Agreement table for search activity

Work Tasks
Work task was identified based on the question ‘What were you doing before the search?’ Two assessors were involved in the classification of work task; each assessor carried out the classification separately and then reviewed the results together. After correction and discussion, the final agreement rate for the classification of work task was 91%. An inter-reliability analysis using the Kappa statistic was performed to determine the consistency between assessors, and the inter-reliability for the assessors was Kappa = 0.80 (p<0.001), with 95% CI (0.7467, 0.7992), Kappa>=0.80 means the level of agreement is Strong, which indicated that the data classification between two assessors is reliable (64-81%). Please refer to Appendix 9.5 for the full agreement table. Seventeen categories of work tasks were identified: working/studying, conversation, cooking/eating, travelling, unknown, watching TV, reading a newspaper/book, playing, waiting/taking a break, shopping, email, listening to music/radio, waking up, browsing the Web, social media, housework, and in bed.

Topics
Search topics were identified based on the question ‘What did you search for?’ and the classification scheme proposed by Church and Smyth (2008, 2009) was used to classify our data (Section 2.2.1). Fourteen categories of search topics were identified: news/weather, travel/commuting, entertainment, general information, email/social network, local services, academic information/project, general shopping, cooking/recipes/ingredients, trivia, sport, auto, adult, and employment.

Location
Location was classified based on the closed question ‘Where were you when you did this search?’ and one of four location categories was selected by users: at home, at work, on the move, and other. 

Social Context
Social context was classified based on the closed question ‘Who were you with when you did this search?’ and one of four categories of social context were selected by users: alone, with friends, with family, or with colleagues.

Considering the nature of the data, the relationships between work task, motivation, search activity, location, and social context were explored through different statistical tests, such as chi-square tests and Monte Carlo exact tests (Section 3.2.1). The SPSS software was used to execute these tests.

3.2.1 The Monte Carlo Method





The survey has been conducted at the end 2013 and was run for one month. 365 responses were recorded, but 109 responses did not finish the qualitative part of this survey. After verification and the elimination of non-smart phone users, the valid responses numbered 256. 

4.1 How Do Users Search on a Mobile Phone?
The overall aim of this section is to explore the nature of mobile phone search, to investigate what was searched and why and how users conducted searches on mobile phones to investigate the motivation for mobile phone search, the topics they searched for, and the search activity performed during mobile phone searching. Thus, the objectives of this section are as follows:
	1) To investigate mobile search motivation
	2) To investigate mobile search topics 
	3) To investigate mobile search activities

4.1.1 What Was the Motivation for the Search?
Table 4. 1 shows that the most popular motivation is curiosity, which occurred 108 times, accounting for 42.2% of the searches. This reflects the users’ interest in an unknown topic that usually arises by chance. Examples are as follows:
	Participant 13: 
	Question: What did you search for? 
	Answer: 'Clothing catalogue'. 
	Question: Why did you do this search? 
	Answer: 'TV add looked promising'. 
	Participant 19: 
	Question: What did you search for? 
	Answer: 'The name of a play I went to see at the Edinburgh Fringe in 2009'. 			Question: Why did you do this search? 
	Answer: 'Because I was talking about plays with a friend, and I wanted to 			know what the name of the play was'. 
	Participant 165: 
	Question: What did you search for? 
	Answer: 'The meaning of a word'. 
	Question: Why did you do this search? 













Table 4. 1 Classification of search motivation


The second most popular motivation is time management, which was mentioned 67 times (26.2% of the total searches). It includes the intention to be efficient, manage time or projects, plan for things, and get it done. Some answers are related to study or work and some to finding directions, mobile numbers, etc. Examples are as follows:
Participant 3: 
Question: What did you search for? 
Answer: ‘Location of a building’.
Question: Why did you do this search? 
Answer: ‘Needed the building location for a social event’.
Participant 30:
Question: What did you search for? 
Answer: ‘I used Google Maps to look for a restaurant’.
Question: Why did you do this search? 
Answer: ‘To find the address of a restaurant to recommend to my friend’.
Participant 83:
Question: What did you search for? 
Answer: ‘Whereabouts Rotterdam was on the map’.
Question: Why did you do this search? 
	Answer: ‘I wanted to know where I was going’.

The third search motivation is awareness, which occurred 57 times (22.3% of the total searches). It represents the intention to keep up with the latest information and to keep informed in general. Examples include the following:
Participant 1:
Question: What did you search for? 
Answer: ‘Weather’.
Question: Why did you do this search? 
Answer: ‘Because I wanted to know if it was raining or not’.
Participant 5:
Question: What did you search for? 
Answer: ‘News’.
Question: Why did you do this search? 
Answer: ‘Read the latest news’.
Participant 17:
Question: What did you search for? 
Answer: ‘Parcel tracking’. 
Question: Why did you do this search? 
Answer: ‘I wanted to know where the parcel was’.

The fourth search motivation is diversion, which occurred 24 times (9.4% of the total searches). It includes the intention to kill time or to reduce boredom. Examples include the following:
Participant 2: 
Question: What did you search for? 
Answer: ‘Music videos on YouTube’.
Question: Why did you do this search? 
Answer: ‘To watch the video while eating breakfast’.
Participant 20: 
Question: What did you search for? 
Answer: ‘The frequency of BBC radio’.
Question: Why did you do this search? 
Answer: ‘To listen the radio in the lab’.
Participant 44:
Question: What did you search for? 
Answer: ‘News’. 
Question: Why did you do this search? 
	Answer: ‘I wanted to listen to something while I was cleaning the house’.
4.1.2 What Topics Were Searched For?
Table 4. 2 shows that the most popular topic is general information, searched 64 times, accounting for 25% of the total searches. This category represents searches about general information that usually arose as a desire for information on demand or in conversation with others. Examples include ‘What is a Latin noun declension?’, ‘Who is this person?’, parcel tracking information, translation of a word, etc. 

The second most popular topic is news and weather, searched 38 times, accounting for 14.8% of the total searches. This category represents searches about news and weather-related information. Examples include ‘BBC weather’, ‘What is the weather supposed to be like later today?’, ‘the Guardian environment page’, ‘latest news headlines’, etc.




































Table 4. 2 Classification of search topics


The fourth most popular topic is entertainment, searched 32 times, accounting for 12.5% of the total searches. This category covers searches that entertain with information related to TV, music, cinema, movie, pubs, and restaurants. Examples include music videos on YouTube, radio times, song lyrics, ‘Tom Hardy films’, ‘bistro Belfast restaurant’, etc.
The email and social network category was searched 21 times, accounting for 8.2% of the total searches; it covers information related to email and various social networks, such as Facebook, Weibo, etc. Examples include searching for a person on Facebook, email, looking for Facebook, looking for a particular topic on Weibo, etc. 

The academic information/project category was searched 16 times, accounting for 6.3% of the total searches, and covers information about academic work, study, and materials. Examples include a PHP framework for a personal project, a scientific paper, coursework information, the meaning of a medical condition, terms in math, etc. 

The local services category was searched 16 times, accounting for 6.3% of the total searches, and covers information related to local information and opening times of local businesses. Examples include search for where to buy a party ticket, opening times of a pub, the contact details of a local laundrette, a local supermarket, etc. 

The general shopping category, searched eight times and accounting for 3.1% of the total searches, covers information related to shopping and products. Examples include online shopping, the Curvissa clothing brand, CD prices, digital camera prices, etc.

4.1.3 What Search Activities Are Performed while Searching?
Table 4. 3 shows that the most popular search activity is fact checking, which occurred 93 times, accounting for 36.3% of the total searches. It covers searches and validation of a piece of static information or fact; usually, there is no need to go through it in detail, and the search is quick. Examples include the following:
Participant 4: 
Question: What did you search for?
Answer: ‘Production name’. 
Question: Why did you do this search?
Answer: ‘I needed the correct information’.
Participant 8: 
Question: What did you search for?
Answer: ‘Typed Latin noun declensions’. 
Question: Why did you do this search?
Answer: ‘Because I wasn't sure I could remember the genitive plural of third declension neuter nouns’.
Participant 19: 
Question: What did you search for?
Answer: ‘Edinburgh 2009 Iraq war play 3 monologues’. 
Question: Why did you do this search?

























Table 4. 3 Classification of search activity


The second most popular search activity is planning, which occurred 44 times, accounting for 17.2% of the total searches. It covers search activity to support a future task beyond the immediate course of action. Examples include the following: 
Participant 3: 
Question: What did you search for?
Answer: ‘Google Maps’. 
Question: Why did you do this search?
Answer: ‘Needed the building location for a social event’.
Participant 12: 
Question: What did you search for?
Answer: ‘Typed person’s name into Chrome’. 
Question: Why did you do this search?
Answer: ‘Meeting this person for the first time’.
Participant 29: 
Question: What did you search for?
Answer: ‘I searched with Google based on the post code to find the store to buy the ticket’. 
Question: Why did you do this search?
Answer: ‘To buy the tickets later’.

The third most popular search activity is status checking, which occurred 42 times, accounting for 16.4% of the total searches. It covers searches for specific non-static information and repeated searches from the same source to stay informed with the latest information. Examples include the following: 
Participant 5: 
Question: What did you search for?
Answer: ‘Newspaper application’. 
Question: Why did you do this search?
Answer: ‘Read the latest news’.
Participant 31: 
Question: What did you search for?
Answer: ‘University of Sheffield Muse’. 
Question: Why did you do this search?
Answer: ‘I needed to check my emails’.
Participant 36: 
Question: What did you search for?
Answer: ‘Facebook app’. 
Question: Why did you do this search?
	Answer: ‘Easy to see the latest information’.

The fourth most popular search activity is in-the-moment, which occurred 34 times, accounting for 13.3% of the total searches. It covers search activity undertaken to support the immediate action of a future task. Examples include the following: 
Participant 32: 
Question: What did you search for?
Answer: ‘Google Maps’. 
Question: Why did you do this search?
Answer: ‘To find where I was going’.
Participant 78: 
Question: What did you search for?
Answer: ‘Boots Meadowhall opening times’. 
Question: Why did you do this search?
Answer: ‘To find out if the shop would still be open then’.
Participant 87: 
Question: What did you search for?
Answer: ‘Google Maps’. 
Question: Why did you do this search?
Answer: ‘Walking to a friend's new house’.

The fifth most popular search activity is information gathering, which occurred 27 times, accounting for 10.5% of the total searches. It covers searches for information about a particular topic in detail, and information will usually be searched in multiple sources or websites. Examples include the following: 
Participant 6: 
Question: What did you search for?
Answer: ‘PHP MVC framework’. 
Question: Why did you do this search?
Answer: ‘Thought that my current approach was poor and thus thought I should use a framework’.
Participant 41: 
Question: What did you search for?
Answer: ‘Quote from notes’. 
Question: Why did you do this search?
Answer: ‘To look for more explanation during a lecture’.
Participant 71: 
Question: What did you search for?
Answer: ‘Google, Amazon, eBay, retail stores’. 
Question: Why did you do this search?
Answer: ‘I need to buy a camera’.

The sixth most popular search activity is browsing, which occurred 16 times, accounting for 6.3% of the total searches. It covers searches without any search goal in mind. Examples include the following: 
Participant 2: 
Question: What did you search for?
Answer: ‘Name of artist’. 
Question: Why did you do this search?
Answer: ‘To watch a video while eating breakfast’.
Participant 7: 
Question: What did you search for?
Answer: ‘Followed a link for online shopping’. 
Question: Why did you do this search?
Answer: ‘Wanted to see what the shop was’.
Participant 13: 
Question: What did you search for?
Answer: ‘Brand name—Curvissa’. 
Question: Why did you do this search?
	Answer: ‘TV ad looked promising’.

4.2 What Are the Key Contextual Factors That Influenced Mobile Phone Search?
The literature review section indicated that the concept of the mobile context drew attention as a result of the growing role of mobile information access in daily life. Besides making phone calls, mobile phones are used for finding locations, searching for general or social information, etc. While the technology enables these more complicated functions and services, it also influences how users search for information using mobile phones (Church et al., 2011; Sohn et al., 2008).

The previous section explored the nature of mobile phone search and analysed not only the search activity performed in mobile phone search but also the motivation behind each search. Furthermore, according to the literature review, contextual factors are also important in mobile search. Therefore, the overall aim of this section is to examine the key contextual factors that influenced mobile phone search found in our survey. The specific objectives are as follows:
	1) To investigate the location in the survey data
	2) To investigate the social context in the survey data
	3) To investigate work tasks in the survey data
	
4.2.1 Locations








Table 4. 4 Location of the searches

Church et al. (2008) stated that home and work are familiar locations for users, while ‘on the move’ or ‘other’ locations are unfamiliar locations for users. As shown in Table 2, in total, about 70% of the total searches occurred while users were in a familiar area, and 30% of the total searches occurred while users were in an unfamiliar area. 

4.2.2 Social Context













Table 4. 5 Who respondents were with while searching


In total, 105 searches were performed while users were with friends, family members, or colleagues. Of these 105 searches, 63 (60%) emerged from a group activity, and 48 (45.7%) influenced a group activity.

4.2.3 Work Task
Table 4. 6 shows that the most popular work task is working/studying. Forty-one mobile searches were triggered under this work task, accounting for 16% of the total searches. This category represents users working or studying when the search was performed. Examples include 'writing code on the train', working in office, and studying at home.



















































Table 4. 6 Classification of work task (situation)


The third most popular work task is cooking/eating; 28 searches were triggered under this work task, accounting for 10.9% of the total searches. These searches were performed while users were cooking or eating. Examples include making breakfast, having breakfast, drinking coffee, having dinner, and ‘eating an apple’.
The fourth most popular work task is travelling; 23 searches were performed under this work task, accounting for 9% of the total searches. The searches were conducted while users were travelling or on the way to a destination. Examples include ‘coming home from the university’, ‘on the way to pick my wife up from work’, ‘on the coach to Rotterdam’, and ‘walking to a friend's house’.

Under the watching TV work task, 15 searches were triggered, accounting for 5.9% of the total searches and representing searches performed while users were watching TV or a movie. Examples include watching TV, watching a film, and ‘watching EastEnders’. 

Twelve searches were triggered under the reading newspaper/book work task, accounting for 4.7% of the total searches. The searches were performed while users were reading newspapers or books. Examples include ‘reading the Times’, reading a novel, and ‘reading the Daily Mail’.

Eleven searches were performed under the playing work task, accounting for 4.3% of the total searches, representing searches conducted while users were playing games or mobile phones. Examples include playing video games, playing computer games, and ‘playing on my iPhone’.

The waiting/taking a break work task, like the playing, accounted for eleven searches (4.3% of the total searches). For this category, searches were performed while users were waiting or relaxing. Examples include ‘waiting in the car’, ‘waiting for a seminar to start’, ‘waiting for the driver to come’, ‘waiting for a bus’, and ‘taking a break during work’.

4.3 What Is the Relationship among Work Task, Motivation, Search Activity, and Other Key Contextual Factors?
Previous chapters explored the nature of mobile phone search (Section 4.1) and the key contextual factors that are important for mobile phone search (Section 4.2). This made it possible to further analyse and understand mobile phone search in greater depth. The overall aim of this section is to further test and analyse whether there is a relationship among work task, motivation, search activity, and other key contextual factors, or to identify the inter-relationship between these factors based on the chi-square or exact test with the Monte Carlo option if any cell has a result under 5 (Section 3.2.1). The specific objectives are as follows:
	1) To investigate the relationship between search motivation and search activity
	2) To investigate the relationship between work task and search motivation
	3) To investigate the relationship between location and other factors








4.3.1 What Is the Relationship between Search Motivation and Search Activity?










S.A. stands for Search Activity
S.M. stands for Search Motivation
* indicates p < 0.05
** indicates p < 0.01
Table 4. 7 Statistical analysis of the relationship between search motivation and search activity

As shown in Table 4. 7, we found that there is a significant association between motivation and search activity (x2 = 230.561, df=15, p<0.001). Based on the standard residual value (std. >|1.96| indicates significance), the awareness motivation was more likely to trigger status checking (std. = 8.9) and less likely to trigger fact checking (std. = -2.9). Time management was more likely to trigger in-the-moment (std. = 4.1) and planning (std. = 5.4) and less likely to trigger status checking (std. = -3.1) and fact checking (std. = -2.0). The curiosity motivation was more likely to trigger information gathering (std. = 2.1) and fact checking (std. = 3.5) and less likely to trigger status checking (std. = -4.3) and planning (std. = -3.3). The diversion motivation was more likely to trigger browsing (std. = 4.6) than other activities. Figure 4.1 shows the results.

 
Figure 4. 1 Correlation between search motivation and search activity


























This is the only significant part of the table; to see the full table, please refer to appendix 8.6
S.M. stands for search motivation
* indicates p < 0.05
** indicates p < 0.01
Table 4. 8 Statistical analysis of the relationship between work task and search motivation
As shown in Table 4.8, we found that there is a significant association between work task and search motivation (x2 = 98.258, df=48, p<0.001). Based on the standard residual value (std. > |1.96| indicates significance), travelling was more likely to initiate a time management motivation (std. = 4.5) and less likely to initiate awareness (std. = -1.8), the listening to the radio/music work task was more likely to initiate diversion (std. = 2.3), and the in bed work task was more likely to initiate diversion (std. = 3.2). Figure 4.2 shows the results.


Figure 4. 2 Correlation between work task and search motivation
  
Furthermore, we found some figures that show possible associations but not significance. For example, watching TV was more likely to initiate curiosity (std. = 1.9), conversation was more likely to initiate curiosity (std. = 1.7), and waiting/taking a break was more likely to initiate diversion (std. = 1.9) and awareness (std = 1.6).

Looking further into the survey data, we found that 25.4% of the total searches that were motivated by time management fell under travelling, significantly higher than searches motivated by awareness (1.8%), curiosity (3.7%), and diversion (4.2%). This shows that, while users were travelling, searches were more likely to be motivated by time management. 

For the listening to music/radio work task, 12.5% of the total searches motivated by diversion fell under this work task, significantly higher than searches motivated by awareness (5.3%) and curiosity (2.8%). This shows that, while users were listening to music or the radio, searches were more likely to be motivated by diversion. The possible reason is that, when users were listening to music or the radio, they were actually in a relaxed and leisurely situation, so more searches were triggered by the desire to kill time or reduce boredom. 

Regarding the in bed work task, 8.3% of the total searches motivated by diversion fell under this work task, significantly higher than searches motivated by awareness (5.3%) and curiosity (2.8%). This shows that, while users were in bed, searches were more likely to be motivated by diversion, the possible reason is that, when users were in bed, they were actually in a relaxed situation, so more searches were triggered by the desire to kill time or reduce boredom. 

For the watching TV work task, 10.2% of the total searches motivated by curiosity fell under this work task, much higher than searches motivated by awareness (3.5%) and time management (3.0%). This shows that, while users were watching TV, searches were more likely to be motivated by curiosity. The possible reason is that, while users were watching TV, it could be easy to be triggered by unknown interests from TV programs, so more searches were motivated by curiosity.

For the conversation work task, 22.2% of the total searches motivated by curiosity fell under this work task, much higher than searches motivated by awareness (12.3%), time management (11.9%), and diversion (4.2%). This indicates that, during conversation with others, searches were more likely to be motivated by curiosity. The possible reason is that, during conversation, it is easy to trigger users' unfamiliar interests. 

For the waiting/taking a break work task, 12.5% of the total searches were motivated by diversion, and 8.8% of the total searches were motivated by awareness, much higher than searches motivated by time management (1.5%) and curiosity (1.9%). This shows that, while users were waiting or taking a break, searches were more likely to be motivated by diversion and awareness. The possible reason is that, when users were waiting or taking a break, they had plenty of time to spend, so more searches were triggered to kill time or reduce boredom, and they also had time to keep abreast of ongoing news, etc., so more searches were triggered by awareness.


4.3.3 What is the relationship between Location and Search Activity










S.A. stands for search activity
Table 4.9 Statistical analysis of the relationship between location and search activity

















S.M. stands for search motivation
* indicates p < 0.05
Table 4. 10 Statistical analysis of the relationship between location and search motivation

Table 4. 10 shows that there is a significant association between location and search motivation (x2 = 17.346, df=9, p=0.045). Based on standard residual value (std > |1.96| indicates significance), while users on the move were more likely to report the time management motivation (std. = 2.1). Figure 8 shows the results.


Figure 4. 3 Correlation between location and search motivation

Furthermore, although some results were not significant, they nearly reached the level of significance, which means that there may be relationship. The awareness motivation was more likely to be initiated (std. = 1.7) at ‘other’ locations and less likely to be initiated at home (std. = -1.6). 

















S.C. stands for Social Context
S.M. stands for Search Motivation
Table 4. 11 Statistical analysis of the relationship between social context and search motivation











4.3.6 What Is the Relationship between Social Context and Search Activity?








S.C. stands for Social Context
S.A. stands for Search Activity
Table 4. 12 Statistical analysis of the relationship between social context and search activity








4.3.7 What Is the Relationship between Location and Social Context?








S.C. stands for Social Context
** indicates p < 0.01
Table 4. 13 Statistical analysis of the relationship between location and social context

Table 4. 13 shows that there is a significant association between location and social context (x2 = 27.287, df=6, p<0.001). Based on the standard residual value (std. > |1.96| indicates significance), while users were with colleagues, searches were more likely to be triggered at work (std. = 3.7) and less likely to be triggered at home (std. = -1.6). Figure 4.4 shows the results.


Figure 4. 4 Correlation between location and social context















4.3.8 What is the relationship between User Group and Search Activity






UK Visitor - Chinese	Count	1	0	3	10	1	3
	Std. Residual	-1.2	-.6	-.5	.8	.6	.4
UK Visitor - Other	Count	3	0	1	2	0	2
	Std. Residual	1.4	-.4	-.6	-.8	-.5	.9
S.C. stands for Social Context
U.G. stands for User Group
Table 4.14 Statistical analysis of the relationship between user group and search activity







4.3.9 What Is the Relationship between Gender and Search Activity?






S.C. stands for Social Context
G.D. stands for Gender
Table 4.15 Statistical analysis of the relationship between gender and search activity

Table 4. 15 shows that there is no significant association between gender and search activity (x2 = 5.816, df=5, p=0.323). Because of the small sample size, the result is marginal, not significant, so further testing is needed to confirm the result.

4.3.10 Summary of the Relationships










Figure 4. 5 Correlations among Work Task, Motivation, Search Activity and other Key Contextual Factors 

5. DISCUSSION




Finding 1: What motivates mobile phone search?
Taylor et al. (2009) showed that awareness is a key motivation for mobile search. Similar findings were obtained by Church and Oliver (2011). In contrast to past work, we found that the top motivator for mobile phone search was curiosity, followed by time management, awareness, and diversion (Section 4.1.1). This implies that searches using mobile phones were more likely to be triggered by a user's interest in an unknown topic, which usually happens by chance. A possible reason is that, with the ubiquity of mobile phones, they have become handy devices that are always with the users, so when users find an interest in an unknown topic, it is convenient to use a mobile phone to satisfy an information need. Moreover, the popularity of the time management motivation implies that mobile phone search is likely to be triggered to support future tasks.  

Finding 2: What topics they are searching for?
Our survey indicates that, for mobile phone search, topics are diverse, which is similar to the findings of Kamvar and Baluja (2007) and Church et al. (2007). The most popular searches using mobile phones are ‘general information’ searches that usually reflect a need for information on demand or occur as a result of conversations with others. Examples include the following:
Participant 4: 
Question: What did you search for?
Answer: ‘Health production’.
Location: ‘Shop’.
This search was followed by news/weather search, a travel or location-based search, and an entertainment and social network search (Section 4.1.2). Our findings conflict with those of Church and Oliver (2011), who found that socialising/dating was the most popular topic. A possible reason is that people seem to use mobile phone search as an extension of desktop search to satisfy their daily information needs because of the convenience and easy accessibility of mobile phones. Examples include the following:
Participant 218: 
Question: Why did you do this search?
Answer: ‘Computer was off, and mobile was more convenient’.  

Finding 3: What search activities are performed during search?
Taylor et al. (2009) showed that status checking is the most popular search activity in the mobile domain. In contrast we found that the most popular search activity is fact checking, which accounted for more than one-third of the total searches, followed by planning to support future tasks, status checking, in-the-moment, information gathering, and browsing (Section 4.1.3). This implies that mobile phone searches are usually quick and short, employed to check a fact that usually does not need detailed consideration. Examples include the following:
Participant 8: 
Question: What did you search for?
Answer: ‘Latin noun declensions’. 
Question: Why did you do this search?
Answer: ‘Because I wasn't sure I could remember the genitive plural of third declension neuter nouns’. 
This also implies that, because mobile phones are handy devices that are always with them, users tend to perform more searches to support future tasks using mobile phones. 

Finding 4: How does location influence mobile search?
Sohn et al. (2008) and Church and Smyth (2009) showed that mobile searches were more likely to be triggered while users were on the move. However, Nylander (2009) showed that mobile search tends frequently to occur at home. Church and Oliver (2011) presented similar findings, with mobile search tending to occur in stationary, familiar settings. Our findings are similar to those of Nylander and Church and Oliver. We found more than half of the total searches were triggered at home, followed by at work, on the move, and ‘other’, which refers to locations that were not at home or at work (Section 4.2.1). A possible reason is the fast development of mobile phone hardware, with screens becoming bigger and more comfortable for text editing, processors becoming fast, and mobile networks becoming cheaper and faster than ever, along with the fact that mobile phones are always with users, which allows instant and easy access to online content. All these features make smartphones potentially handy devices for conducting information retrieval, even at home, making smartphones convenient for completing quick information-on-demand search tasks, so more people prefer to use smartphones to do searches at home now. Furthermore, we also found that users prefer to do more time-consuming searches in familiar area, such as at home or at work, rather than in unfamiliar areas, such as on the move or in other locations that are not at home or at work. People prefer to do more detailed and time-consuming searches in a relaxed and familiar area. Examples include the following:
Participant 71: 
Question: What did you search for?
Answer: ‘Best digital camera prices’. 
Question: How did you search for it?
Answer: ‘Google search, Amazon, eBay, retail stores’. 
Moreover, we found that users prefer to do searches that will support future tasks, such as finding facts in the moment and planning more frequently in unfamiliar areas than familiar areas. The level of urgency is an important context for these activities, as people usually need information urgently to support a near-future action, such as looking for directions while driving to an address, while they are on the move, or away from a familiar area. Examples include the following:
Participant 32:
Question: What did you search for?
Answer: ‘Location’. 
Question: Why did you do this search?
Answer: ‘To find where I was going’. 
Question: Where were you while you did this search?
	Answer: ‘on the move’.

Finding 5: How does social context influence mobile search?
Cui and Roto (2008) and Church and Oliver (2011) showed higher occurrences of mobile search associated with social context, Church and Oliver (2011) stated that more than 65% of mobile searches were triggered with someone in their study. In contrast, we found a high rate of solitary searching, with approximately 60% of mobile phone searches conducted alone. A possible reason is the features of mobile phones, such as the fact that they are always on, always with users, and convenient, and they make it easy to access online content, so people prefer to use mobile phone search to satisfy their daily information needs, like an extension of desktop search, so it is more often triggered alone.

Finding 6: How does the work task influence mobile search?
Sohn et al. (2008) found that conversation was the major work task that initiated participants’ information needs. We found similar, with conversation being the second most popular work task from our survey, followed by cooking/eating, travelling, and watching TV (Table 4.6). The most popular work task was working/studying, possibly because our survey was more focused on students. Our results also imply that a large number of participants' information needs arose because of something that another person mentioned. Moreover, it seems that more people use mobile phones as a cooking information source because of features such as convenience and accessibility, so using mobile phones for recipes and cooking information is an important work task that should be considered an important use case for development and design. Examples include the following:
Participant 157: 
Question: What did you search for?
Answer: ‘I searched for a recipe’. 
Question: How did you search for it?
Answer: ‘Gluten free aubergine lasagne’. 
Participant 192: 
Question: What did you search for?
Answer: ‘How to boil an egg using an electric kettle’. 
Question: How did you search for it?
Answer: ‘Typed the whole phrase in Google’.

Finding 7: What is the relationship between work task, motivation, search activity and other key contextual factors?
Section 4.3 indicated that work task, search motivation, search activity and location are related to each other. This means that work task and location shape search motivation and search motivation shapes search activity. Based on the level of significance, the relationships among these factors could be categorised into three groups: strongly affected, moderately affected, and weakly affected. 
Search motivation strongly affected by work task
Figure 4. 2 indicates that at least three significant relationships exist between work task and search motivation. The significant correlation between the travelling work task and time management motivation indicates that, when users were travelling, their mobile searches were more likely to be initiated by the time management motivation. That may be because, while users are travelling, they tend to be more efficient in preparing their next or a future task. The significant correlation between the listening to music/radio work task and the diversion motivation indicates that, when users were listening to music or the radio, their mobile searches were more likely to be initiated by the diversion motivation. A possible reason for this is that, when users were listening to music or the radio, they were not busy, so they did more mobile searches to kill time. Examples include the following:
Participant 94: 
Question: What were you doing just before this search?
Answer: ‘Listening to music on my mobile’. 
Question: What did you search for?
Answer: ‘Home page for the University of Sheffield’. 
Question: Why did you do this search?
Answer: ‘Just browsing for information’. 

Moreover, the significant correlation between the in bed work task and the diversion motivation indicates that, when users were in bed, their mobile searches were more likely to be initiated by the diversion motivation. That may be because, while users are in bed or preparing to sleep, they do mobile searches to kill time or alleviate boredom. Figure 4.5 shows three more relationships that nearly reach the significant level, showing possible associations. This indicates that, while users were watching TV or having a conversation, their mobile searches were more likely to be initiated by the curiosity motivation. This may because, when users were watching TV or having conversation, their interest in unfamiliar topics was triggered more often than for other work tasks. It also indicates that, while users were waiting or taking a break, their mobile searches were more likely to be initiated by diversion. A possible reason is that, while they were waiting, they had plenty of free time, so they did more mobile searches to kill time.  

Search activity strongly affected by search motivation
Figure 4.1 indicates that at least eleven significant relationships exist between search motivation and search activity. The significant correlation between the awareness motivation and status checking indicates that, when mobile searches were motivated by awareness, users were more likely to perform status checking than other search activities. The negative correlation between awareness and fact checking indicates that, when mobile searches were motivated by awareness, users were less likely to perform fact checking than other search activities. This implies that awareness is the major motivation for status checking. Moreover, the significant correlation between the time management motivation and in-the-moment and planning activities indicates that, when mobile searches were motivated by time management, users were more likely to perform in-the-moment and planning than other activities. The negative correlation between time management and status checking and fact checking activities indicates that, when mobile searches were motivated by time management, users were less likely to perform status checking and fact checking activities. This implies that time management is the major motivation for search activities that support next or future activities. Furthermore, the significant correlation between the curiosity motivation and both fact checking and information gathering indicate that, when mobile searches were motivated by curiosity, users were more likely to perform fact checking and information gathering activities. The negative correlation between curiosity and both status checking and planning indicates that, when searches were motivated by curiosity, users were less likely to perform status checking or planning activities. This implies that curiosity is the major motivation for fact checking and information gathering activities, and people seem to seek information on their unknown interest a quick search or a search in multiple sources. Finally, the significant correlation between diversion and browsing activity indicates that, when mobile searches were motivated by diversion, users were likely to perform a browsing activity. This implies that diversion is the major motivation for browsing, and respondents seemed to do more browsing when they had free time.     

Search motivation moderately affected by location
Church and Smyth (2009) showed users' information needs were different while on the move. This is consistent with our findings. Figure 4.3 indicates that a significant relationship exists between location and search motivation. The significant correlation between ‘on the move’ and time management indicates that, when users were on the move, searches were more likely to be motivated by time management. A possible reason is that, while people are on the move, they tend to do mobile searches to make them more efficient in their next or a future task.


Social context moderately affected by location
Figure 4.4 indicates that a significant relationship exists between location and social context. The significant correlation between ‘with colleagues’ and ‘at work’ indicates that, when users are at work, they usually do mobile searches with their colleagues. This is probably because, when people are working, they tend to do more collaborative searches to finish a task.   

Search motivation and search activity weakly affected by social context
Previous work has shown that social context is an important factor that could influence mobile search (Dearam et al., 2008; Sohn et al., 2008; Wigelius et al., 2009). In contrast to previous work, we found that social context is not significantly associated with search motivation or search activity (Table 4.11, Table 4.12). A possible reason is that people seem to use mobile phone search as an extension of desktop search, so a large number of searches are conducted alone, but because of the small sample, further investigations are needed. 

5.2 Possible Impact: How Could The Findings Have Been Shaped?
We found that some findings were different from those previous studies, such as findings for motivation, topics, and search activities. Taylor et al. (2009) and Church and Oliver (2011) stated that awareness was the key motivation for mobile search, but we found that ‘curiosity’ was the key motivation for mobile search. Church and Oliver (2011) found that socialising/dating was the most popular topic, while we found that the topics were diverse and that ‘general information’ was the most popular topic. Taylor et al. (2009) showed that status checking was the most popular search activity, but we found that the most popular search activity was fact checking. The possible reason is that mobile search is changing, which is in line with the findings of Kamvar et al. (2009), who found that keyword diversity between computers and smartphones is decreasing, while keyword diversity between computers and traditional mobile phones is increasing. This shows that people seem to treat smartphones as an extension of computers to do their day-to-day searching and that smartphones are now powerful enough to function like computers to satisfy people's information needs. Furthermore, because of the convenience and easy access of smartphones, the behaviours of users in performing mobile search are changing.   

Sohn et al. (2008) and Church and Smyth (2009) found that mobile searches are more likely to be triggered while users were on the move. However, in line with Nylander's (2009) findings, we found that mobile searches were more likely to be triggered at home. One possible reason is that people treat smartphones as an extension of desktops, but since they always on and with users, they provide instant and easy access to online content. Another possible reason is the use of a questionnaire; the fact that most of the respondents are likely to have completed the questionnaire on a desktop at home may have influence the results. 









In this study, we have presented the results of a survey investigating where, why, and how people use smartphones to satisfy their information needs, what their information needs are, and contextual factors that influence users' search activity. Our results indicate that smartphones have become a primary source for information retrieval and that people prefer to use smartphones to do quick searches to obtain information on demand. Location, social context, and work tasks are important contextual factors that influence mobile phone search. People prefer to do detailed and time-consuming mobile searches in relaxed and familiar areas, and they prefer to conduct searches that support future tasks in unfamiliar areas, such as on the move or away from home and work. Finally, the relationships between work task, search motivation, search activity, and other key contextual factors were analysed and discussed. The results show that time management is the major motivation triggering search activity that supports future tasks and that travelling is the main work task for initiating the time management motivation. Curiosity is the major motivation for fact checking and information gathering activities, and conversation and watching TV are the main work tasks for initiating the curiosity motivation. Moreover, diversion is the major motivation for browsing activity, and listening to music/radio, in bed, and waiting/taking a break are the main work tasks for initiating diversion motivation.

6.1 Contributions



















The results from the online survey gave us an initial view of the mobile search behaviours of smartphone users. Mobile phone search activity, topics, and motivation were explored; location, social, and work task contextual factors were analysed; and the relationships between work task, motivation, search activity, and other key contextual factors were investigated, but because of the limitations of the survey, further studies should increase the sample size and attempt to reach a balanced sample of users from different areas. Future studies should also be concerned with other possible contextual factors that may be relevant to mobile search with the continuous improving of mobile phone devices. The significant relationships found in this study could be further investigated and improved by using a large sample and will continually make contributions to the mobile search field.

In the short term, we aim to validate the initial results of this study by combining quantitative and qualitative analysis to track different user groups and analyse the search activities, motivation, contextual factors, and inter-relationships in more depth. The basic principles for combining the two methods are as follows: for quantitative analysis, a large-scale survey that extends the current study will be applied to collect a large and balanced group of smartphone users from different backgrounds and different user groups, while, for qualitative analysis, a diary-based study will be applied and a mobile diary application will be used to quickly and conveniently record why users searched for information using mobile phones. The application should have three main functions: 1) a reminder function to remind users to fill in the diary that can be customised by users if they want; 2) a create diary function that will allow users to create diary entries based on categories from the initial survey; and 3) a view diary function to allow users to access and view their own diaries. All diary entries will be securely and confidentially stored on a university server that can be assessed, amended, or deleted by users at any time. Then we will employ follow-up interviews to clarify the collected diary entries and get feedback from their experiences.

To achieve this goal, an online browser/server-side diary application will be created and set up to quickly and conveniently record where, why, and how users search for information using mobile phones. Participants will be asked to complete diary entries to record their mobile phone searching activities, but they will only have to provide information about searches that they feel comfortable sharing. Users will also be able to view any existing diary entry. An SMS reminder will be sent out every day to participants to remind them to complete diary entries for the day.

A pilot study will be conducted to determine how often the participants will be asked to complete the online diary to ensure that they are not inconvenienced. Each diary entry will be designed to be quick to complete, largely consisting of closed questions. 

Because of the features of our diary study, participants could create diary entries at any time, so the server-side application should be mobile phone-friendly. The PhoneJS framework could be the foundation of our server-side application. The advantage of PhoneJS is that apps can be created using HTML5 and JavaScript and delivered with a native look and feel for iOS, Android, and Windows phones without extra effort, coding, or UI customisation. 

As a short-term goal, we will have a large sample data set to validate the results of the current study. We may find new contextual factors that may improve our current findings.
	
In the medium term, we may focus on interesting results from the current study and further analyse it in more detail. For example, according to the results of the current study, quite a few people mentioned that they use mobile phones as a source of cooking information which is interesting because, traditionally, mobile phone search has been popular when people are on the move, but recently, more people are using mobile phones to search at home, and the number of people using mobile phones to search for cooking information is increasing. This is a sign of mobile search behaviour change, so we may study it in further detail and try to understand the change. Moreover, because we have identified the significant relationships of each factors for mobile search in this study, and will validate the results in the short term, so in the medium term, we may also propose a model for the mobile phone search domain that includes the user situation, search motivation, the gathering of requirements, representation formulation, search activity, and action taken.
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9.1 Sample of the question

PART 1: DEMOGRAPHICS AND BACKGROUND 
 
1. Are you a Smartphone user? (As Smartphone is a mobile phone built on a mobile operating system which has advanced computability, such as the Apple iPhone, Android phones etc.)
	 Yes	   No
        If the answer is yes, please continue, otherwise, thank you very much for you participant

2. How long have you owned a Smartphone? 
Less than one year
More than one year (include one year)

3. What is your age? 
     	Under 20        20 – 29         30 – 39        40 – 49	   50 and above

4. What is your gender?
	Male		Female

5. What is your occupation? 
	Full Time       
	Part Time    






6. Where do you live now?      ____________________________________________________________

7. How long have you lived here?
	Less than 1 year
	1 - 3 years
	More than 3 years
    
8. If different, how frequently do you go back to your place of birth? 
Never
Once per year






PART 2: GENERAL MOBILE SEARCH EXPERIENCE 













3. What mobile applications do you usually use for searching? (select all that apply) 
	General Search (google, yahoo, bing, app store, google play etc.)
	Social Search (facebook, twitter etc.)
	Video Search (youtube, vine etc.)
	Location-based Search (gumtree, yell, voucher, taxi etc.)
	Music Search (shazam, itunes etc.)
	Voice Search (siri, google voice etc.)
	Online Shopping Search (ebay, amazon, tesco, autotrader etc.)
	Transportation Search (bus, train, flight etc.)
	Sotck Market Search (bloomberg, shareprice etc.)
	Others, please specify:_________________________________________________________

4. How frequently do you use any of these applications to search for information? (include search engines and applications) 
	Once per day
	2 to 5 times per day
	6 to 10 times per day
	more than 10 times per day

5. How will you rank these applications? (please tick) 
	























6. How confident will you rank your searching? 






PART 3: THE MOST RECENT MOBILE SEARCH EXPERIENCE

1. When was the last time you searched for information using your mobile phone? 
	In past 10 minutes
	In past 30 minutes
	In past 60 minutes
	In past 12 hours
	In past 24 hours
    Others, Please specify:________________________________________________________

2. What did you search for?
    Please describe:___________________________________________________________________

3. How did you search for this? E.g. if you remember the queries you used, or the other information you provided to the system, please specify them here: 
____________________________________________________________________________
4. What search engine or application did you use?
	General Search (google, yahoo, bing, app store, google play etc.)
	Social Search (facebook, twitter etc.)
	Video Search (youtube, vine etc.)
	Location-based Search (gumtree, yell, voucher, taxi etc.)
	Music Search (shazam, itunes etc.)
	Voice Search (siri, google voice etc.)
	Online Shopping Search (ebay, amazon, tesco, autotrader etc.)
	Transportation Search (bus, train, flight etc.)
	Sotck Market Search (bloomberg, shareprice etc.)
	Others, please specify:_________________________________________________________

5. What were you doing just before this search? 
    Please describe:___________________________________________________________________
   
6. What triggered you to do this search? 
    Please describe:___________________________________________________________________

7. Where were you while you did this search? 
	At Home
	At Work














9. If you were with someone, did the search influence the group activity?
	Yes	   No


10. If you were with someone, did the search emerge from the group activity?
	Yes	   No

11. What did you do after this search? 
      Please describe:__________________________________________________________________

12. Were you satisfied with the results?
             Yes	   No
If the answer is No, please describe why:________________________________________
 
13. How important was the role of location in this search? 
	very unimportant	   unimportant    	neutral	  important	  very important

14. How important was the role of time constraint in this search? (i.e. did level of urgency influence what you searched for?)
















9.2 Approve of Ethics
Part B.  Summary of the Research

B1.	Briefly summarise the project’s aims and objectives:(This must be in language comprehensible to a layperson and should take no more than one-half page. Provide enough information so that the reviewer can understand the intent of the research)
Summary:
Mobile phones are starting to dominate as the primary information access of the Internet while on the move. This growth is due to several factors: improved mobile broadband and mobile internet, the growth of social networks and the growth of handset technology. In the past four years, there have been many reports reporting this growth, for example, Morgan Stanley in 2009 highlighted that the mobile Internet is growing faster than the desktop Internet ever did [1]. A study published by Nielsen in 2010 showed that mobile Internet usage is increasing significantly, in particular among young people [2]. Furthermore, according to a report by Deloitte in 2011, more than 50% of computing devices sold globally will be Smartphones, tablets and non-PC netbooks, thus breaking the long-held market dominance of PC’s [3]. In order to design great mobile information access services, we requires a deeper understanding of the information needs, behaviours and underlying motivations of users.

The aim of this study is to understand how mobile phones are used to search for information, to investigate the links between a user's motivation and the user's inputs, and to investigate contextual factors which could influence mobile phone search. The potential benefits of this study include: 1) provide better understanding of users’ search behaviour in the mobile phone search domain; 2) to show links between users’ motivation and queries; 3) to better understand contextual factors which could influence search, and how they change between different user groups.

Some of the research questions addressed include:

	What motivations trigger mobile phone search?
	Is there a relationship between motivation and the queries entered?
	Does location, time, user activity or social context influence the mobile phone search?
	Does gender or age influence mobile phone search?




1. Morgan Stanley, "The Mobile Internet Report", 2009, last accessed Nov 2012
	http://www.morganstanley.com/about/press/articles

2. Nielsen, "Mobile Youth Around The World", 2010, last accessed Nov 2012
	http://www.nielsen.com






B2.	Methodology:Provide a broad overview of the methodology in no more than one-half page.
Overview of Methods:
This will be an online survey. A questionnaire will be put online and a web link will be distributed to all participants through email and social networks, for up to 4 weeks. The questionnaire will contain three parts.

Part 1: Demographics and background information, such as age, gender etc.

Part 2: this will focus on user’s general mobile phone search experience, such as the frequency of using mobile phones to search for information etc.

Part 3: this will focus on user’s most recent mobile phone search experience, to ask for where, when and how they did this search, to find out the motivations for why they did this search and, whether they were satisfied with the results, and finally ask for the feedback on the search experience.     


If more than one method, e.g., survey, interview, etc. is used, please respond to the questions in Section C for each method. That is, if you are using both a survey and interviews, duplicate the page and answer the questions for each method; you need not duplicate the information, and may simply indicate, “see previous section.”

C1.	Briefly describe how each method will be applied

Method (e.g., survey, interview, observation, experiment):
Survey

Description – how will you apply the method?





C2.	Who will be potential participants?
	Smartphone users

C3.	How will the potential participants be identified and recruited?
	Through Student and Staff Volunteers mailing list, friends recommendations and social networks

C4. 	What is the potential for physical and/or psychological harm / distress to participants?
	None





If Yes, please explain how informed consent will be obtained?
Will be obtained before participant  starts the online survey, where the participant will be asked to confirm that they have read the information and agree to the consent before clicking the start button.

If No, please explain why you need to do this, and how the participants will be de-briefed? 






C7.   What measures will be put in place to ensure confidentiality of personal data, where appropriate?
Everything we collect will be kept securely on university computers. Data analysis will take place on university computers within the university network. Users can withdraw from the survey at any time. The online experiment will be anonymous. The data will be used for the purposes of research only, in aggregated statistics, for the purposes of publication.






If yes, how will you ensure that there is a clear agreement with participants as to how these recorded media may be stored, used, and (if appropriate) destroyed?









Title of Research Project: [Understanding Mobile Search by Mobile Phone Users]

We confirm our responsibility to deliver the research project in accordance with the University of Sheffield’s policies and procedures, which include the University’s ‘Financial Regulations’, ‘Good Research Practice Standards’ and the ‘Ethics Policy Governing Research Involving Human Participants, Personal Data and Human Tissue’ (Ethics Policy) and, where externally funded, with the terms and conditions of the research funder.

In submitting this research ethics application form I am also confirming that:
	The form is accurate to the best of our knowledge and belief. 
	The project will abide by the University’s Ethics Policy.
	There is no potential material interest that may, or may appear to, impair the independence and objectivity of researchers conducting this project.
	Subject to the research being approved, we undertake to adhere to the project protocol without unagreed deviation and to comply with any conditions set out in the letter from the University ethics reviewers notifying me of this.
	We undertake to inform the ethics reviewers of significant changes to the protocol (by contacting our academic department’s Ethics Coordinator in the first instance).
	we are aware of our responsibility to be up to date and comply with the requirements of the law and relevant guidelines relating to security and confidentiality of personal data, including the need to register when necessary with the appropriate Data Protection Officer (within the University the Data Protection Officer is based in CiCS).
	We understand that the project, including research records and data, may be subject to inspection for audit purposes, if required in future.
	We understand that personal data about us as researchers in this form will be held by those involved in the ethics review procedure (e.g. the Ethics Administrator and/or ethics reviewers) and that this will be managed according to Data Protection Act principles.
	If this is an application for a ‘generic’ project all the individual projects that fit under the generic project are compatible with this application.
	We understand that this project cannot be submitted for ethics approval in more than one department, and that if I wish to appeal against the decision made, this must be done through the original department.

Name of the Student (if applicable):
[Fei Xie]





















9.3 Participants Information Sheet

Researchers
Fei Xie, lip08fx@sheffield.ac.uk (​mailto:lip08fx@sheffield.ac.uk​)
Dr Robert Villa, r.villa@sheffield.ac.uk (​mailto:r.villa@sheffield.ac.uk​), (internal) 22683
Professor Elaine Tomes, e.toms@sheffield.ac.uk (​mailto:e.toms@sheffield.ac.uk​), (internal) 22659

Purpose of the research
The aim of this study is to understand how and why users search for information with mobile phones, to investigate the links between users’ motivations and queries, and to investigate contextual factors which could influence mobile phone search. 


Who will be participating?
We are inviting adults over 18 who are Smartphone users.


What will you be asked to do?
We will ask you to complete a simple questionnaire, which will contain three parts. The first part gathers general background information, so that we have a profile of our participant group. The second part is about your general mobile phone search experience, so that we have a profile of your search preferences. The third part is about your most recent mobile phone search, gathering information about where, when and how you did this search, your motivation and the results of the search.


What are the potential risks of participating?
The risks of participating are the same as those experienced in everyday life.


What data will we collect?
This survey will be via a questionnaire online, which will be composed of a number of questions in the three categories described above.


What will we do with the data?
We will be analyzing the data for inclusion in my PhD research, and for the purposes of publication in academic Journals and conferences. After the finish of the PhD research, the data will be destroyed.


Will my participation be confidential?
Everything we collected will be kept securely on university computers. Users can withdraw from the experiment at any time. The online survey will be anonymous. The data will be used for the purpose of research only.


What will happen to the results of the research project?
The results of this study will be included in my PhD’s thesis which will be publicly available. Please contact the School in six months.


What if something goes wrong?















































9.4 Agreement Table for Work Tasks









































































S.M. means Search Motivation
* means p < 0.05
** means p < 0.01



































































Figure 3. 3 Participants' Length of Ownership for Smartphone

Figure 3. 2 Participants' Smartphone Group
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